


SUMMARY 

The Sodium Reactor Experiment (SRE) located at the Rockwell International 

Field Laboratories northwest of Los Angeles was developed to demonstrate a 

sodiumcooled, graphite-moderated reactor for civilian use. The reactor 

reached full power in May 1958 and provided 37 GWh to the Southern California 
Edison Company grid before it was shut down in 1967. Decommissioning of the 

SRE began in 1974 with the objective of removing all significant radioactivity 

from the site and releasing the facility for unrestricted use. 

The SRE site consisted of the main reactor building and support buildings 

and facilities, such as sodium storage and purification, radioactive waste 

storage, component cleaning, waste retention, heat exchangers, and cool ing 

systems. 

Planning documentation was prepared to describe in detail the equipment 

and techniques development and the decommissioning work scope. A plasma-arc 
manipulator was developed for remotely dissecting the highly radioactive reac- 

tor vessels. Other important developments included techniques for using ex- 

plosives to cut reactor vessel internal piping, clamps, and brackets; decon- 

taminating porous concrete surfaces; and disposing of massive equipment and 

structures. The documentation defined the decommissioning in an SRE disman- 

tling plan, in activity requirements for elements of the decommissioning work 
scope, and in detailed procedures for each major task. 

An early decision was made to retain the SRE uilding superstructure, 
primarily to provide containment fo airborne contamination released by th 

decontamination operations. Controls to limi 

and radiation release were established and maint 

ements for the collection, packagin 

were made, first at Beatty, 

Decontamination 

terns, such as the 



sten, secondar ems, and heat exch 

um was drained offsite. Residual sodium in 

reactor vessel and sodium system components were reacted with alcohol to 

negate a potential chemical haza Liquid and gaseous waste holdup systems 

ial location. The SRE retention 

rained and decontaminated. vessel internals were cut (usin 

losives) into m geable sections fo packaging in a shielded cas 

rial. Remotely operated plasma-torch systems were used to cut 

the vessels. Massive equi nt and structures such as the fu 

machines, the moderator element handling machine, and th reactor vessel 

emoved and shipp burial location. 

The wash cells, dry fuel egs, and hot cell storage 

Renloval of contaminated soi and bedrock, particularly in the northeast 

corner of the reactor room, was a significant task, Contamination had pene- 

trated below building column footings, necessitating replacement of the foot- 

ings after removal of contaminated soil and 

The excavations were backfi led with clean soil and rubble, and the area 

was paved, The reactor room walls and ceiling were decontaminated by sand- 

blasting. The SRE interio was repainted, the floor was repoured, and light- 

ing fixtures were replaced. 

SRE deconmissi 

waste, which was sent to a burial site. 



A continuous record of personnel radiation exposure was maintained. Film 

badges processed by an independent laboratory provided the legally documented 

record of external exposure. Internal exposures were monitored quarterly by 

analyzing urine samples. The cumulative group dose (in nan-rem) for the proj- 

ect was 89 man-rem, which is well below the amount that would have accumulated 

had each worker received the limit of 5 rem per year. In fact, it is we11 

below the DOE guideline for new facilities of 7 rem per year per worker. 
Knowledge gained from the SRE decommissioning will be applied to other decom- 

missioning programs described in this report. 

Decommissioning costs for the period 1974 through 7983 were 

lion. This is approximately 11% of the 150 million estimated cost to replace 

the SRE in 1982 dollars. Physical activities at the SRE ended in September 

1982. 
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1.0 BACKGROUND 

FACILITY HISTORY 

The Sodium Reactor Experiment (SRE) was designed by Atomics Interna- 

tional, a division of Rockwell International Energy Systems Group (ESG), as a 
partof a program uith the Atomic Energy Commission (AEC) to develop a sodium- 
cooled, thermal power reactor for civilian application. Construction was 

largely by subcontract, under the supervision and direction of Atomics Inter- 
national (AI), who also designed nd manufactured special components, such as 
fuel elements, moderator elements, and core component handling machines, for 

SRE. Southern California Edison (SCE) instal led and operated the steam 
electric power generating plant. 

The SRE was located about 3 miles northr~est of Los Angeles. It had been 
designed and constructed by A1 and the AEC to demonstrate the feasibility of a 
high-temperature, sodiuwcooled, graphite-moderated reactor as the heat source 
of a central power station. It was the first nuclear reactor in the United 

States to produce power for supply into a commercial power grid. The SRE was 

a sodium-cooled, graphite-moderated, 20-MW thermal reactor using slightly 
enriched uranium fuel in the initial core loading. The fuel was in the form 
of stahless-steel-clad rods with sodium-potassium bonding in the annulus 
between the fuel and cladding. The active core length was 6 ft. Heat gener- 
ated in the reacto was transported y the sodium t a heat exchanger and then 

y sodium system to enerator, which then powered an SCE 



The SRE primar for several temperature 

ranges is presented in Table 1 for Core 1 and Core II. blost of the sodium 

stem was in se vice through both core operations. In Figure 7, thermal his- 
tory of the SRE is presented as the number of exposure hours at or above any 

e. Not included in this th rmal history is the accumulated 

operating time of t h e  sodiun systems for sodiun cleanup purposes in prepara- 

the SRE Powe Expansion Program. This period, which extended from 

15 l!ay 19G5 to September 7967, included operation of the main primary sodium 

TABLE 1 
SRE HOT LEG OPERATIONAL TIME 

AND TEb9ERATUREa 

I Temperature 
Range 
(OF 

960 to 1030 

Total 

Core I 

120 

4,080 

2,016 

576 

792 

520 

1,972 

5 12 

356 

10,344 

Core I 1  

a Core I: 4 Flay I958 to 10 November 1959 
e  11: 22 July 1960 to 75 Februar 

an 37 Gldh of e l e c t  

statistics is presented in Table 2. 



100 1000 10,000 100,000 

TOTAL TIME (h) 

7704-5706 

- -  - - outlet temperatures up 



TABLE 2 

TING STATISTICS 

ctor critical 

PEP (free surface) 

Auxiliar 

Steam generators sodium filled 

Steam generators steaming 

PEP operation (primary and auxiliary 
Na system flow at ~ 3 5 0 ° F )  



moving noncontaminated secondary sodium in drums from th 

Modifying the inert gas system to com helium and nitro- 

en gas systems 

the radioactive waste systen in storage by: flushing 

and draining the liquid was system and purging the gaseous 
waste systen; decontaminating the sump pit and wash cell pit; 

cing the stack filter; shutting down the compressor; shut- 

ting off cooling water for the compressor; installing sump pit 

s; transportin waste to the RIIIDF; disconnecting the elec- 

tricity to the wash cells, gaseous waste, and sanitary waste 

ms; draining wash cell steam nd water systems; and 

installing shield locks in the gaseous waste vaults 

rnal surfaces of the fuel and moderator 

handling machines 

Shutting down control and instrument power 

Decontaminating the main portable hot cells and shutting down 

entilation system 

Preparing the batteries, motor-generator sets, and diesel gen- 

erator for an inactive period 

Providing power for the emergency pagin5 system and perimeter 

lights 

Shutting down heating, v ntilating, and plant air systems. 

in 1968. A surveillanc 
ram, continued until decommissioni n in 1974, included: 

s system; insp 
water, wind, or other 

iol 



stimate of costs to make the SRE site radiologically clean and 

no further surveillance or regulation of the facility would be 

proposal to decommission the SRE site was su mitted to the AEC in 
GFY 1973, and limited decornnissioning activities began in GFY 1974. 

The SRE site contained radioactive structures, systems, components, con- 

crete, and soil. The SRE was decommissioned to remove all significant radio- 

activity from the site and to release the facility from a11 requirements for 

ical control, licensing, or monitoring (unrestricted release). At 

conpletion of the decommissioning and release for unrestricted use, the facil- 

ity was decontaminated to levels that are as low as reasonably achievabl 
in all cases are below levels specjfied in Table 3. 

TABLE 3 

UPPER CONTAFlINATION LIPIITS FOR DECONTAMINATIOI'4 AND 
DISPOSITION AT SRE 

Surf aces 

Beta gamma emitters 

pha emitters 

So -i 

Near surface 

Below 3 m 
Average 

Flax i muma 

Total = 0.1 mrad/h at 1 cm, with 7 mg/cm2 absorber 

Removable = 100 dpm/700 cm 2 

2 

Removable = 20 dpm/100 cm 2 

gross detectable 

1000 pCi/g gross detect 

3000 pCi/g gross detectab 



2.0 FACILITY DESCRIPTION 

2.1 BUILDINGS AND SYSTEMS 

s a complex of buildings, work areas, and syst 

ddition to the r uilding (Building 1431, there were 

e storage in uilding 041, sodium components cleaning in 

Building 724, hot waste storage in Building 86, hot components repair in 

uilding 163, sodiun~ purification in Building 695, sandblast cleaning in 

Area 723, primary sodium fill tank and system in Building 753, secondary 

1 tank and system in Building 453, liquid waste holdup s 

gaseous waste holdup system in Buildin 653, and cask and hot component stor- 

age in Area 654. Included in t h e  decommissioning effort were the kerosene 

stem for the iological shi el storage cells, and reactor 

and secondary sodium service systems, fuel element wash cells; 

hot cell; fuel stora e cells; absolute filtered ventilation system; retention 
pond and dam; aults cooling systerii (nitrogen); er;iergency power system; water 

supply system and change room with accompanying holdup tanks. 





Figure  3. B u i l d i n g  Layout 
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Figure 5. Vertical Cross Sect ion of  Reactor 



from a minimum of 4-l/4-ft-thic se concrete were placed ov 

and galleries. 

ventilation system was designed and operated so that air 

minated areas. Makeup air was brought in from 

e outside and combined with recircul Led air within the administrative areas 

e pressure re1 ive to the contamin Led areas. Fresh air 

at the rate of five air changes per hour was supplied to the reactor room by 
independent supply fans, Exhaust fans and hi h-efficiency filters on the 

reactor room roof were sized to maintain the reactor room pressure below 

contiguous region , which were ( 1 )  admi tion areas, ( 2 )  hot cell, and 
(3) out of doors. The use of filters reduced the possibility of local contam- 

ination by the accumulation of radioactive particulates on building and equip- 

ment surfaces. The pipe and equipment vaults were maintained in an atmospher 

of dry nitrogen from the recirculatin nitrogen cooling system. By excluding 

air from the vaults, no sodium-oxygen reaction could occur in the event of a 

sodium leak. 

- -* 
- - - Blowers, with exhausts to the dilution stack, also maintained a negative 

pressure in the SRE hot cells. The hot cell personnel area was maintained at 

a positive pressure relative to both the hot cell chambers and the reactor 

room. Air from the hot cell chambers was filtered before it left the cell and 

was filtered again by the radioactive vent system filter banks prior to dilu- 

tion in the s 

2.1.3 Reactor Structure 



86 were hexagonal s 

t h e  normal sodium 



The grid plate was nade of Type 304 stainless steel. The upper head 

castings of the moderator elements and the arrangement of core clamps which 
held them in position were nade of 400 series stainless steel. 

The thermal shield was located between the core tank wall and the outer 

tank. Itwas constructed of ASTbi-A7 structural steel plate and was supported 

y the bottom of the outer tank, A structure of concentric rings above the 
bottom of the cavity liner supported the outer tank. The volume between the 

outer tank and the cavity liner was filled with block thermal insulation. 

Outside of the cavity liner was the high-density concrete biological shield. 

Overheating of the shield was prevented by cooling coils attached to the 

exterior of the cavity liner through which kerosene from the kerosene cooling 

system was passed. Both the core and outer tanks were sealed by two welded 

bellows to the cavity liner at an elevation near the top of the core tank. 

The cavity liner extended upward to the reactor floor. It was stepped to sup- 

port the reactor loading face shield assembl 

The loading face shield assenibly had an outer support ring and a 140-in.- 

diameter rotating plug, which contained two 40-in.-diameter, one 20-in.- 
- -. 

diameter, twenty-four 3-1/2-in.-diameter, and fifty-seven 3-in.-diameter 

plugs. The loading face shield assembly was made of Type 405 stainless steel 

filled with high-density concrete and lead shielding. All plugs were sup- 

ported in stepped channels. The rotatable 140-in.-diameter plug, together 

with the two 40-in.-diameter plugs, permitted replacement of the ~ioderator 
elements. 



The main prinlar 
means of the 

ain IHX where the 

sodium circuit and components wer located in a con- 

and shieldin 
aintained in the vau nition of any sodium 

the cell. 

The main primary sodium pump w fe-stage, free-surf 

a1 unit. The case 

with the sodium 

hrough the shieldin 

roo6l. 

The main IHX (Figure ) was an all-kdelded, Type 304 stainless steel, U- 

and tube, vertically mounted unit. Primary sodium passed through 

5/8- in .  OD and 0.042-in. wall, on a 7/8-in, triangular 

exchanger was mounte 





The main secon was a vertical, si 

er conversion system w 

rator, and other 

remove 30 MW o 
lant are summarized in T 

TABLE 4 

SIGN OPERATION CONDITI 

Parameter 





The two fuel-handling machines (FHMs) were large, le d-l ined cask 

55 tons, equipped with hoisting devices to transfer fuel and other core 

elements. 

Special equipment 

sisted o f  an equivalent 



the sodium tanks and pumps and above the core sodium pool and y purging the 

sodium system with helium before filling with sodium. Vapor traps and freeze 

traps were used for purging or venting the sodium system. The major compo- 

nents of the sodium coolant purification system were the circulating cold 

traps, plugging meters, hot tr ps, and sodium sample . One cold trap was pro- 

vided for the primary sodium system and one for the secon ary sodium system, 

The primary cold trap, located in a vault, was cooled with gallery nitrogen. 

cold trap was cooled b 

The kerosene cooling s stem consisted of a main and limited-volume cool- 

ing system. The main kerosene system provid d cooling for: (1 )  the core cav- 

ity, (2) instrument thimbles, (3) the sodium service vault, (4) fuel storage 
cells, ( 5 )  the wash cell, ( 6 )  the primary cold trap nitrogen cooler, and 

( 7 )  the heat exchanger for the limited-volume kerosene system. It also pro- 

vided backup cooling for the main primary and auxiliary primary pump barrels. 

The limited-volume kerosene system cooled the top shield of the reactor. 

Major components of the main kerosene system were the supply tank, two 

circulation pumps, and two evaporative coolers. The system contained 1100 gal 

of kerosene. The supply tank, which had a capacit of 500 gal, also served as 
a surge tank. 

The limited-volume kerosene cooling system was a closed circuit with a 

apacity of 50 

tank, a pump, a heat exch 



The moderator- 

FHM was used f o r  fuel  elements. 

2.1.7.6 75-Ton Crane 

The 75-ton crane was used t o  operate the FHM and t o  handle v 
and other objects in the reactor  



Three moderator storage cells were available for handling or storage of 

moderator and reflector cans. Each cell was formed by a pipe approximately 

22 ft long and 20 in. in diameter, with a 1/2-in, wall thickness. These cells 

were not cooled, but they could be supplied with an inert atmosphere, 

2.1.7.8 Radioactive Vent System 

Gas within the primary system was potentially radioactive, It was col- 

lected in four main vent lines which emptied into a large tank (Figure 8). A 
conpressor drew gas from the tank, compressing the gas to 700 psig and dis- 

charged it into four 500-ft decay tanks. 

2.1.7.9 Radioactive Liquid Waste System 

The radioactive liquid waste system (Figure 8 )  consisted of three tanks 

( 150-, 350-, and 3200-gal capacities), three pumps, associated piping and 

valves, and monitoring equipment. A pur~lp was contained in each tank and was 
used for transfer or recirculation of liquid waste. 

Two small tanks were located in the sump tank pit. Liquid waste could be 

gravity drained to these tanks from waste sources such as the hot cell and 

wash cells. Normally, the 750-gal tank would be used as the collection tank 

and the 350-gal tank as a holdup tank. Waste could be transferred from either 
of the smaller tanks to the 3200-gal storage tank. 

2.1.7.10 Wash Cells 

The wash cells were us emoving reac 

sodium retain 

ule 40, Type 304 stainless s 

room floor. 

was secured i 





2.7.7.91 Hot Cell 

The hot cell was used to remotely inspect and modify irradiated core ele- 

ments and to can used fuel clusters for transfer to shielded transport casks. 

The facility consisted of two adjacent hot cells (metallurgical and main), an 

operating area, a service area, a shower, and a change room located below the 

level of the reactor high-bay floor, as shown in Fi 

Each of the areas was isolated by access doors. Access to each cell 

interior was through heavily shielded doors which rolled out into the service 

area. An L-shaped access tunnel to the main cell provided a means to place 

tools and small parts into the hot cell from the service area without expo- 

sure. Two airlock doors to the shower and change rooms separated the possibly 

contaminated service area from the clean operating area. All operations in 

the cell were performed with manipulators and remotely operated equipment hy 

means of controls located in the operating area. The cell interiors were kept 

at a negative pressure of -0.5-in. water. The service and operating areas 

were maintained at 0.25-in. water pressure. Air flow directions were from 
---- - - these areas into the cells. 

2.1.7.12 Miscellaneous Areas 

Additional peripheral areas associated with the SRE that contained radio- 

active contamination were as follows: 

Description 

mponent Storage B 
Site Service Building 

taminated Sodium Cleaning B 





2.2 PRE-DECOMMISSIONING STATUS 

The nuclear reactor oper ted from 1957 to F ruary 1964. It was then 

shut down for major changes to increas 

and to upgrade systems and components. Th ion Program (PEP) was 
ted in 1965. !donnuclear op 

in May 1965. They were terr,iinated in September 

secondary sodium s e kerosene cool i 

retirement program prepared the SRE plant, at mi an indefinite 

period of storage prior to disassernbl 

removed and shipped to other DOE sites. This program was completed in June 

sequent ly, regular survei 1 lance of the site was conducted. Main- 

tenance on the remaining equipment was perf rmed only to the extent necessary 

to ensure the security of the facility and stored radioactive materials. 

The following facifi'ties contained radioactive materials: 

Building 

0 41 
143 

16 3 

6 5 3 

6 54 

686 

7 24 
7 5 3 
773 

SRE Component Storage Building 

Sodium Reactor Experiment 

Site Service Buildin 

Liquid Radioactive Waste 

in Radioactive Wast 

Temporary Hot Waste 



turned off, but remained in operating condition. 
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as indicated in Figure 8. A17 liquid waste, except inaccessible heels, was 

removed. 

The two 5000-gal storage tanks in the obsolete liquid waste system had a 
2 radiation level of less than 5000 dpm/100 cm . The tanks were black iron 

and showed considerable internal pitting. Figure 8 presents contaminat ion 

levels in the various liquid waste lines. Sometime during the operating his- 
tory of the SRE, the 1 iquid waste system produced a leak, and contaminated 

soil existed in the immediate vicinity of the tanks and along rock outcrop- 

pings in the cut bank below them. 

2 The change room holdup tank contamination level was 500 dpm/100 cm . 
The activity inside the tank was 3 mR/h maximum. 

2.2.5 Radioactive Gaseous Waste System 

The levels of activity that were present in this system are indicated in 

Figure 8. The compressor vault was radiologically clean. The four gaseous 

waste storage tanks appeared to be leaktight and were sealed off under a 
- 

nitrogen pressure of 1/4 psi. 

2.2.6 Component-Handling Machines 

The Mark I and I 1  FHMs were stored in the FHEl storage bay. The contami- 

nation that was present on this equipment at the exposed surfaces is shown in 

Table 5. 

except for the plu 





vessel, the most contaminated are on the site. Table 6 is 

diation activity at the time the cells were sealed. 

The fuel-cleaning cells were sealed, an the trenches surrounding them 

equipped with tempor ry lead shielding. This area had a r diation level 
2 out 1000 dpm/l00 cm . During the nuclear operation period of the reac- 

tor, a strong chemical reac ion occurred in the center cell while a spent fuel 

assembly was being cleaned. The cell, the surrounding floor area, and the 

earth surrounding the lower regions of the cell were contaminated. 

The moderator top latch grapple was stored in the moderator-handling 

machine located in the SRE high ba 

The long shield plugs from Core 111 fuel were stored in the storage cells 

in the high-ba 

2.2.8 Hot Cells and Ventilation Svstem 

The permanent A and B hot cells were below a contaniination level of 
- 

500 dpm/l00 crn2 except for the two fuel storage thimbles, which were below a 
2 contamination level of 2500 dpn/1000 cm . 

Contarnination smear surveys on the interior areas of the ventilation 

ducts adjacent to each filter i filter room showed beta and gamma con- 

tamination levels as given in T 

The west end of Building 763, Cont irs Facilit 

(CERF) , had contamination levels as shown 



Eas 
West 

H igh  



TABLE 7 

CTIVITY LEVELS OF SRE VENTILATION SYSTEM (1966) 

Samp 1 e Description and Location 

West duct, upstream of filter 

West duct, dob~nstream of filter 

Center duct, upstream of filter 

, downstream of filter 
East duct, upstream of filter 

East duct, downstream of filter 

East plenum floor, under filter 

Center plenum, under filter 

West plenum floor, under filter 

2.2.10 Reactor Cavity 

B-Y Activity 
(dpm/lO0 cm2) 

The most highly contaminated part of the facility was the reactor cav- 

ity. Radiation measurements were taken during decommissioning in 1977. Radi- 

ation levels as high as 100 R/h were recorded. It was estimated that 12 to 

14 ft of water would be required to serve as shieldin during the removal 
n. This structure contained a 1-1/2-in. radioactive sodium heel on 

the vessel. Sodium also adhe ed to the sides and top of the 
moderator cans and other equipment stored in the vessel. 



East wal l ,  cen te r  

South wall ,  e a s  

South wa 

South wa 



TABLE 9 

CONTAMINATION LEVELS OF SRE OIL CLEANING 
FACILITY, BUILDING 724 (1966) 

Descr ipt ion 
and Location 

Outside a r e a s  

In s ide  a r e a s  

Floor ,  no r theas t  

F loor ,  northwest 

Floor ,  sou theas t  

Floor ,  southwest 

Walls, south 

Walls,  north  

Wall s, west 

Walls, doors 

Trench 

South 

North 

Angle i ron ,  west 

Angle i ron ,  e a s t  





3.0. DECOMMISSIONING O J E C T I V E  AND WORK SCOPE 

Deactivation of the SRE facilities temporarily provided a safe storage 

condition. Because of the potential for release of radioactive mat 

the environment and because of the continuing cost for surveillance and main- 

tenance, the governm nt initiated a program to decommission the SRE facili- 

ties. Dismantlement was chosen as the decommissioning mode. This mode would 

dispose by land burial all contaminated material and would remove or d 

inate all contaminated structures, components, and areas, 

jective of the SRE decommissionin project was to remove 

radioactive material from the site as necessary to release the site from all 

requirements for radiological control, licensing, or monitoring. 

WORK SCOPE 

The SRE decor~~missioniny project included planning, development and test, 
I 
d - 

dismantlement operations, radiation control, waste management, quality assur- 

ance, and supporting activities as necessary to accomplish the project 

objectives. 

Engineering studies were conducted to define and descr i e the work needed 
and the best method for performing and controllin the work, These studies 

produced the following planning documents: 



hich delineated the radi 

equipment 



TABLE 10 
NTLING AND DISPOSITIONING ACTIVITY REQUIRE 

ctivity Title 

Remote Toolin 
Primary Sodium Disposal 

ctivation of Contami d Equipment Re 
Reactivation of Contami 
Building 724 
Removal of Primary Sodium C he blain and Auxili 
Galleries 
Remova 1 of Secondary Sodi um the Main and Auxi 

Removal of Primary Sodium Components from the Service Vault 
of Sodium Service System in Building 153 
of Residual Sodium in the Reactor Vessel 

> 

Removal of Reactor Internals 
Cohiponent Cleaning in Building 163 

Component Cleaning in Building 724 
Removal of Reactor Vessels 
Decontamination of Primary Fill Tank Vault 
Decontamination of the Pipe Galleries 
Decontamination of Hot Cell Facilities 
Removal and Decontamination of the Storage and Wash Cells 
Decontamination and Dismantling of Mar 
Decontamination and Dismantling of Elark I I FHM 

Decontamination of Moderat 
Removal of Activated Concrete 



e l .  Special tools suc as pry bars, 

actor vessel internals wer 

the foam afte 

foams, 



Disposing primary sodium from storage tank and the residual 

sodium in the reactor 

Removing sodium system components such as the pumps, heat 

exchanger valves, hot traps, nd cold traps 

Decontaminating and dismantling the hot cells, components, and 

structure 

Disposing of reactor vessels and internals 

Demolishing and disposing of contaminated concrete such as the 
biological shield and shield plugs 

Disposing of radioactive waste handling systems such as the 

aseous and liquid waste holdup system 

Excavating contaminated soil and bedrock 

Packaging equipment and waste and shipping it to burial 

Rectifying the site, including pavement and floor repairs, 

lighting replacement, painting, and wall repairs. 

3.2.4 Radiation Control 

- - - I The Radiation & Nuclear Safety unit was responsible for establishing 

design and operational procedures for disposing of source and special nuclear 

materials and byproduct radioactive material; designating and identifying 

areas to be radiologically posted; taking field measurements of radiation and 

radioactive contamination l eve1 s; evaluating internal and external personnel 
radiation exposures; and evaluating radioactive material concentrations in 

effluents and in the environment surrounding the facility. In addition, Radi- 

ation & Nuclear Safet was responsible for maintainin records necessar 

demonstrate compliance with ESG standards and applicable state and fed 

regulations, Included was of information deal in 

daily operations, conditions, a 





The management work scope included activities such as reporting, cost 

control, customer interf acin recordkeeping, review, approval of documents, 

coordination of engineering, manufacturing, quality assurance, health and 

safety, traffic, photo raphy, business administration, and contracts. 

Project management generally defined the work scope, prepared cost esti- 

mates, schedules, expenditure plans, and designated the kind and level of sup- 

port required from the participating departments. The rate of expenditures 

and conformance to schedule were monitored and adjusted to accommodate prob- 

lens as they were encountered. 

The Quality Assurance Program Plan was based on the requirements of the 

AEC Manual, Chapter 0820, and the updated DOE Order 5480-1. The primary 

objective of the plan was preserving the health and safety of the decommis- 

sioning personnel and the general public and protecting the environment. This 

objective was accomplished by reviewing all documents generated for the pro- 

gram, participating in all design reviews, and conducting periodic audits to 

verify compliance with all procedures used during the decommissioning. The 

Quality Assurance Department also verified that personnel had received the 

necessary radiation safety training prior to the commencement of work activi- 

ties and, through audits, verified that radiation-detection instruments were 

calibrated correctly. In addition, Quality Assurance verified that all radio- 
active waste was proper1 identified and packaged according to applicable 

requirements, Final radiological survey sampling plans and results were 

reviewed and approved by Qualit 

ESG-DOE- 134 
4 7 





.O WORK PERFOR 

4.1 PROGRAM AND PROJECT 

commissioning was administered b the SFMPO of DOE-RL workin 
rough DOE-SAN, who managed ESG's ctivities on the 

a program office to manage the implementation of the project beginning with 
reparation of the to uidance and ro ject plans and concluding 

with the final report and film documenting the SRE decommissioning. A docu- 
art is shown in Figure 14. 

A program plan descri ed the task and delineated the objectives of the 
program. In addition, it descri ed the procedures to be 
schedule control and reporting, purchasing and su 
gram and engineering data control. Requirements for the 
plan, operational safety plan, trainin plan, dismantling plan, activit 
requirements, and detailed work procedures were a1 so presented. 

5 - - -- The ESG program office acted as liaison with the DOE representatives who 

monitored the project and with all organizations that were involved during the 
performance of the project. The program office was also responsible for the 

overall schedule and udget performance and for the su mission of the sch 
ules and budgets. A performance control system (PCS) was used to monitor 
progress and to initiate corrective action when necessar 

1 reporting to DOE and its dele 

OJECT ENGINEER1 NG 





were the Activities Re uirements. To satisf ctivities requirements, 

nt documents were prepared, including test plans and reports, 

n reviews and re perat ing proce ures, and detailed 

t were used to di 

ineering was also responsible for developing techniques to be 

of the SRE, including ada 
the underwater p segmentation technique for the reactor vessels, 

, and adaptin the alcohol passivation 

technique to per ium in the reactor system. 

Project Engineering, actin rough the ESG En ineeri ng Department, 

responsible for the technical adequacy and completeness of documents 

as the program progressed. Day-to-day problems dealing with th 

activity were also handled by P oject Engineering. 

Project Engineering acted as l i  

- obtaining support for manipulator design, structural design, te 
ing support design, and in obtainin support for the monitor in 

tracted efforts such as ea th moving and exc vation and s 





Removal of the peripheral systems, except for items that requir 

into sodium piping, was accompl ished by a salvage contractor. The arrangement 

e contractor was no cost; the contractor received the salvage 

material in exchange for the labor of removal. Equipment and material usable 

programs or potentially usable on the SRE decommissioning program 
were set aside. Health, Safety & Radiation Services personnel surveyed all 

equipment and mat rials for radioa Live contamination prior to release from 
the site. 

At the start of dismantlement, approximately 7400 gal of sodium was 

stored in th rimary fill tank (PFT)  under a 1.0-psi nitrogen cover 

This sodium was sli htly radioactive. Figure 10 shows the maximum radiation 

levels on the surface of the tank. 

A piping system was fabricated to facilitate draining the sodium from the 
fill tank into 55-gal drums. A differential pressure between the pri- 

mary fill tank cover gas and the 55-gal drum cover gas was used to transfer 

the sodium into the drums. A total of 158 drums containing 55,000 lb of 
slightly radioactive sodium were shipped to Hanford, Washington, for storage 

and future use, 

Residual Sodium Passivation 

tion required ion process that coul 

sodium to pas 





5-hp vacuum pump, a 170-gal stainless steel catch tank, a 28-ft-long vacuum 

nozzle, a sodium vapor trap, and a modified fuel plug to maintain inert atmos- 
e Figure 15). Approximately 40 gal of sodium were vacuumed off the 

reactor bottom with this s 

An alcohol piping s stem for passivating the SRE core tank was then 
uilt, using t o solvent pumps and the PFT as the alcohol suppl 

reactor lines were connected to the piping. Four lines (three directional 

ray nozzles and one dump line) penetrated the main 14 -in.-diameter top 

. Pump flow rates of 35 gpm could be achieved. Figures 16 and 17 

Instrumentation included fi e immersion thermocouples a ove the moderator 

ns, seven ori tank vessel thermocouples, two a1 coho1 level detec- 

tors, two variable-pressure trip solenoid valves on the vent line, and a ther- 

ivity-type gas chromato raph with a sampling pump, also on the vent 

line. Two multipoint recorders produced the thermocouple printouts. 

i -- assivated by adding small quantities 

of alcohol onto the sodium surface. This permitted accurate process control 
of heat and hydrogen gener tion. Additional passivation of the reactor inter- 
nals was accomplished by controlled flooding of the moderator cans and spray- 
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F i g u r e  16. R e a c t o r  P a s s i v a  t i o n  P i p i n g  Dur ing  I n s t a l  l a t i o n  





ation of sodium system components was accomplished with two sepa- 

te systems: rge passivation s 

stem consisted of a 175-gal alcohol supply tank, 
3/8-in. carbon s an air-driven pump, and Swagelok-t pe stainless 

steel valves. A nections were metal-to-metal, compression type, 

of. Figure 18 is a sketch of the system. 

T O  3 - ~ n .  V E N T ,  

N 2  I N L E T  
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Detailed working rocedures were written to cover the removal of the SRE 
sodium system components. A separate procedure covered the sodiurn service 
vault. Befor ny components could be cut and removed from the vaults, insu- 

lation material containing asbestos had to be removed and packaged for dispos- 

al. The pipes were cut using a h draulically operated, pipe-mounted cutter 

and a hand-held "port -bandM saw. Pipe ends were sealed, and the cut pipes 

were transferred to Building 163 for further size reduction. Large compon 

~~ithin the vaults such as the main intermediate heat exchanger (MIHX) and the 
section of the m in primary pump were removed and pack ged for burial. 

Some of the sodium system components presented special problems, The 

mixing tee in the main primary gallery exposed workers to a radiation field of 

5 R/h at 2 ft and 22.5 R/h at contact. The cold trap and sodium filter in the 

ice vault both read 5 R/h at contact. Localized shielding was 

required on these components during pipe cutting and removal from the vault. 

Health, Safety & Radiation Services provided guidance and survey support 

throughout the sodium system component removal. Personnel exposure was 

closely monitored, and personnel were rotated from operation to operation to 

minimize exposure to each individual. 
- 

The SRE Radioactive Liquid and Gas Waste Retention System was located on 
a hillside north of the SRE, in and around Building 653. The system included 

six 5000-gal decay tanks (four for gas and two for 1 iquid) buried in front of 

uilding. One receiver tank was buried adjacent to uilding 653, and 

three standing tan s (TI, T2, and 13) were loc ted at the northwest corner of 

; T1  and T2 we 



d in plastic, and shi rial site. Figu 

the s i x  waste tanks d construction. C ntaninated soil in the vicinity of 

ks was removed using a backhoe, pl ced in approved 
burial site. After all buried tanks and 

excavated, the 

ied in the clean k excavation 

em was monitored, found to 

SRE were sent to the RMDF for 
processing and disposal. 





Two FHMs and one moderator -handl ing machine were used 

FHMs, designated Mar I and Mark I1  were gas- t  i g h t ,  

weigh ing approx imate ly  5 2  t o n s  each. They cons i s ted  o f  a  

d  body s e c t i o  

cuurn-t ight g  



removed and sent to salvage. External surface contamination was removed to 

meet shipping requirements, A contractor 1 icensed to receive and transport 
radioactive equipment was selected. The facility crane was used to load each 

unit on special transport vehicles. The three machines, one per truck, were 

packaged and transported to the burial site in Beatty, Nevada. 

4.4.9 Removal and Disposal of the Reactor Vessel and Internals 

The removal and disposal of the reactor vessel and fixed internals 

required special tooling similar to that developed by Oak Ridge National Lab- 

oratory and used in the Elk River reactor decommissioning. A1  acquired the 

ORNL design for the rotating mast manipulator used to dismantle the Elk River 

reactor. A1  modified the design to fit the SRE reactor vessel, fabricated the 

manipulator, and developed the underwater cutting parameters in a mockup 

facility, After developing the cutting parameters, the manipulator was in- 

stalled in the SRE, and the vessel was cut into manageable sections. The ves- 

sel segments were stored under water in a shipping cask liner until a full 

cask load was ready for shipment. The activated vessel internals and segments 

--- were disposed of by land burial inside the sealed cask liners. 

The SRE reactor vessel consisted of three concentric tanks, the core 

tank, the outer tank, and the core cavity liner. The innermost tank was the 

1-l/2-in.-thick stainless-steel core tank. The open-top right cylindrical 

tank was 20 ft high and 71 ft in diameter. Its top was located 10 ft below 

the level of the SRE high-bay floor. The top of the core tank was connected 

to the core tank bellows assembly. The bellows provided a flexible seal 

etween the tank top and the ring shield (see Figur 

Immediately outside the core tank were seven 5-1/2-in.-thick thermal 

nd were not w 

iping penetrations. The to surface of each rin 



hick carbon steel 

The core cavit r was the final metal 

s a l/4-in.-thick car 

Inside the core tank was a l/4-in. s ss-steel core tank liner, an 

per and lower halves of the liner were held in 

tween the to 



cans. The grid plate was supported by a ledge that was welded to the ID of 
the core tank. Twenty-four stud and nut combinations secured the grid plate 

to the ledge. The grid plate was also supported by 20 sta ts that rested 

on the bottom of the core tank. The bolts were attached he grid plate 

with nuts. 

4.4.9.1 SRE Mockup Facility and Operations 

A remote manipulator system was used to cut u 

merged under water for radiation shielding. A 

sels was used to develop and check the remote nani 

prior to installation in the SRE. An existing OR 

for the Elk River dismantling program was modifie 

requirements. The underwater portion of the mani 

stainless steel for ease of decontamination and for corrosion resistance. The 

vessel mockup facility was designed and then fabricated in place in Build- 

ing 003 at the AI, Santa Susana site (see Figure 24). An existing manipulator 
control console was obtained from ORNL and modified f added versat i 1 i ty of 
operation. 

An Activity Requirenent document was w 

effect a safe and timely removal of the SR 

Each of these tasks required a Tas 





4.4.9.2 Reactor Vessel Shield Plug and Core Component Removal 

After passivating the residual sodium in the SRE reactor vessel, a11 of 

the 3-1/2-in.-diameter shield plugs and the core components, except the moder- 

ator and reflector cans, were removed. Table 1 1  itemizes the core components 
and their location in the reactor. 

TABLE 1 1 
LOCATION OF CORE COMPONENTS IN THE REACTOR 

Control rods (4) (new) 
Safety rods (4) (new) 

Core heaters (70) (new) 

Dummy fuel elements (6) 

Sodium level probes (4) 

(canned graphite) 

(new) 
Pile osci 1 lator (inner assembly) and spare 
safety rod thimble 

Core exposure f aci 1 ity (new) 

Moderator temperature probes (2) (new) 

Fission product monitor plug 

Core 11 shield plug and hanger assembly (25) 

Spare safety rod boron assembly (new) 

Experimental thimbles (3) (new) 

Neutron source ( nt imony oxide-beryl l ium) (new) 
PEP moderator cans (new) 

Graphite ref 1 ctor cans (new) 

91 central core positions 



m, most of the core components were replaced 

of the remaining compon ts were modified and som 
rtion of the dum fuel elements was ori 

modified by replacing the fu 1 simulating 
or was an origin onent, but the thimble had 

monitor plug and the core I1 shield plug and 

onents. A1 1 of the com 

ct contact with r dioactive sodium and were con- 

nents had been exposed t 

flux and were activated. Du E deactivation pro ram completed in 
tion levels of 100 mR/h were meas 

were removed from the shield plu 

Each core component was dis cted from its 3- or 3-1/2-in.-diameter 

and dispositioned, The 20-in,- 

eld plugs (Fi 5) were then removed and transferred to 

the RltlDF where the ottom reflector plates were removed. The remainin 
3-1/2-in.-diameter shield plugs were also removed for disposal. 

140-in,-diameter shield plu 82 in. high (Fig- 

ure 26). The bottom 70 in. contained a series of reflector shields suspecte 

sisted of 13 layers of 
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Figure 25.  SRE Reactor Loading Face 

s h i e l d s  were t h  









The 91 central-core-position moderator cans and the 28 outer-core- 

position graphite ref lector  cans were installed in the reactor during the SRE 

PEP.  Since the P E P  program did n o t  reach the c r i t i ca l  s ta te ,  the moderator 

and ref lector  cans were only contaminated and n o t  irradiated. These cans 

(Figure 2 9 )  were removed and inserted into plast ic  sheathing in a one-step 

operation. The snorkel tubes were saw cut from the cans as close t o  the top 

of the element as possible. Snorkel/vent tubes were packaged separately from 

the raoderator/reflectors which were packaged six elements per box. These ele- 

ments were then shipped for  land burial. 

The SRE tank bellows assembly provided a f lexible  sodium seal between the 

core tank and the ring shield (see Figure 30). I t  was a 4-ft-high, 13-in.- 

diameter corrugated cylinder. The 4-in.-deep corrugations were fabricated 

from 0.06-in. s ta inless  s tee l .  The cylinder was attached t o  the core tank and 

ring shield using 0.12-, 0.38-, and 0.7-in.-thick stainless-steel sections. 

The ring shield was 6 f t  high, donut shaped, with a 194-in. O D  and a 132-in. 

ID. I t  was constructed of reinforced magnetite concrete and lead and was jac- 

keted with s tainless  s tee l .  The 60-ton ring was used as shielding, and i t  

also supported the 140-in.-diameter rotating shield plug. Below the ring 

shield and external t o  the bellows were reflector plate assemblies, which were 

stacks of ten 0.06-in. plates spaced 1 in. apart. A vent pipe and monitor 

tube shroud part ia l ly  obstructed access for  the bellows to  core tank cut. 

The vent pipe and monitor tube shroud were cut t o  provide torch access t o  

the core tank bellows. A bellows cut ter  (see Figure 31) was then installed 

and used to  cut the bellows a t  the top of the core tank and just below the 

ring shield. The ring shield was removed, followed by the bellows and the 

ref lector  plate assemblies, All plasma torch cutting for  removal of the ring 

shield and core tan bellows was performed in a i r ,  
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Before implementing the removal of the ring shield and bellows, cutting 

parameters were developed in the SRE mockup. The mockup operations were 

divided into thr 

1)  Develop cutting parameters for the Linde PT-5 plasma torch on 

materials representative of th bellows assembly 

2) Check bellows cuttin 

remote tools and techniques to cut the vent pipe and 

monitor tube. 

ipe \.gas re~ioved b cing a temporary wooden platform over the 

actor vessel, and radiological exhaust system of the 

ing was connected to the volume the platform. The torch hose bundle was 

sheathed in plastic. The torch operator wore protective clothing and a full 

face mask. The pipe was secured with a nylon line which was tied off to the 

platform railing. A high-volu~~e air sample taken at the operator's level 
detected no airborne activity when the pipe uas cut. 

The same equipment and techniques used to remove the vent pipe were used 

to remove the upper 3 in. of the instrument monitor tube. A lifting grip was 

used to remotely grapple e. Again, no significant airborne 
was detected. 

The bellows was removed b ing two circumferenti 

tered surf ace 
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from the inner and outer pipe elbows. The remaining pipe "ligaments" were cut 

using circular outside diameter cutters. The auxiliary inlet was cut using a 

clip-on cutter on the horizontal section of the pipe. The cut pipes were 

grappled, transferred to the water-filled storage pit, and then cut into ship- 

ths. Several cuts were made across the core tank liner shrouds. 

These cuts were linked to plasma-torch cuts in the liner. 

the second visit, the following pipe lines were cut: 

1) Reactor vent (2-in., schedule 40) 

2) Moderator coolant (2-in., schedule 40 concentric with 4-in., 

schedule 40) 

3 )  Reactor drain (1-1/2-in., schedule 40). 

The remaining core clamps and core clamp band were removed by the plasma 

torch after the pipe and shrouds were removed. 

The SRE mockup in Building 003 was used extensively to set up the under- 

water plasma-cutting parameters, to check out the remote tooling for placement 

of the explosive charges, and to develop the underwater television camera sys- 

tem. Flockup operations are described in documents N704TR990003, N704TR990004, 

and N704TR990005. 

Using the parameters developed in the SRE mockup, 

core clamps were removed. These clamps fell to the gr 

where they were retrieved using a magnet, 

the main and auxiliary 

id plate during removal 

Explosive cutting techniques and the plasm torch were used to cut the 

main and auxiliary pipes plus the liner shrouds, reactor vent, moderator cool- 

ant, and reactor d ipes. Cutting roceeded as follows. 

The JRC mani instal led directly t the center of the reactor 

core tank. The ca 01 lights wer ocated on each sid 

ulator, A primed e JRC manipulat 



shot.  



main inlet (e.g., remove a half-section of the outer and inner pipes, remove a 

section of the 2-in. pipe ligament, and cut the 4-in. pipe ligament). An 

attempt to remove a knee cap section of the 2-in. inner pipe was unsuccessful 

because of difficult cutter-to-workpiece geometries. Two additional attempts 

using large gram cutters were also unsuccessful. At this point in the opera- 

tion, it was found that the water level of the storage pit had fallen 4 in. 
The explosive cutting was stopped and the plasma torch was used to complete 

the removal of the piping and to cut the access slot. 

Explosive cutting operations were hampered by poor water clarity, water 

plume, debris, and by the large number of operations required to make an ex- 

plosive cut. Each detonation stirred up fine particulate matter that clouded 

the water. To obtain a clear view, the camera and lights uere moved closer to 

the work site, which then obstructed the JRC manipulator and increased the 

time required for charge placement. Water plume and splashes from the deto- 

nations contaminated the work platform. The maximum number of cuts that could 

be made each day was limited to four because of the time required to 

(1) remove the camera, lights, JRC manipulator, and sump pump from the reactor 

vessel; (2) cover the platform openings with plastic sheeting; and (3) test 

for high airborne radioactivity. The main drawback to explosive cutting was 

the large amount of debris produced that had to be reli~oved remotely. Each 

cutter exploded into as many as six pieces of shrapnel, each of which had to 

be individually grappled for removal. 

The ESG manipulator and plasma torch were used to complete pipe cutting 

operations. The manipulator arm was replaced with an arm that moved the torch 

radially and rotated it from a horizontal to a vertical position (Figure 34) .  

Two methods of plasma-arc cutt of the pipe were tried. The first 

method consisted of piercin a11 using the tor 

cting holes until the or difficult 

with this method was that it left small 

ed torch access to the 

d to be precis hen. This was 





The second method consisted of making a series of vertical cuts on the 

pipe. The cuts were rnade with a large-diameter nozzle using hole-piercing 

torch parameters. Cutting speed was 30 in./min. These parameters made wide 

cuts on the pipe. A series of cuts (as shown in Figure 35) was made to pro- 
vide torch access to the backside of the pipe. Because each cut was made on 

undisturbed material, the arc was easier to start and fewer torch stoppages 

resulted. It took about 1 h and required 14 cuts to sever the moderator pipe. 

The moderator pipe was cut into three pieces: two 4-7/2-ft sections and 

one 2-ft section. The tank drain line was cut into three pieces: one 3-ft 

section and two 5-ft sections. The drain line pipe section located below the 

grid plate was removed later during core tank bottom cutup operations. The 

vent line was removed in one piece by cutting just above the elbow 3nd r%i)v- 
ing the support bracket bolts. The pipe sections above the grid plate were 

dropped onto the grid plate as they were cut, where they were grappled and 

removed. All sections of pipe were cut to a length acceptable to the shipping 
cask liner without further size reduction. 

The bolt heads for the brackets supporting the tank vent line were 

removed by using the plasma torch. The TV camera was used to position the 
torch over the bolt heads. With the torch set to operate with hole-piercing 

parameter settings, the arc removed most of the bolt heads. To finish remov- 

ing them, the torch had to be moved several times. 

Internal piping was removed from the reactor vessel in two steps: first 
the main and auxiliary piping, then the small-diameter piping* The main and 

auxiliary pipes \.rere removed to facilitate cutting up the core tank liner. 

The TV camera system and placement device were used to locate the pipes and to 
position the grapple. The grapple-actuating c linders were connected to a 

regulated, 200-psig nitrogen su . The grapple was positioned just a 

the center of gravity of the pipe. The pipes were lifted vertically out of 

the reactor vessel and tr nsferred in air to the storage pit. Three persons 

effected the transfer: a crane operator, a health physicist, and a :nechan.ic 
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who guided the pipes through the platform openings. Maximum exposure received 

during the transfers was 40 mrem. Each pipe read 12 R/h at 3 ft. 

The small-diameter pipes were removed from the reactor to facilitate cut- 

ting up the grid plate. A right-angle adapter was added to position the clamp 
for grappling horizontal pipes. A section of hose was added on the vent port 
of the clamp actuation valve to exhaust air and contaminated water from under 

the platform. The TV camera system was used to help locate the pipes and 

install the clamp. Each section of pipe was lifted to within 1 or 2 ft of the 

surface of the water and secured with a nylon line. Each pipe section was 

then transferred to the storage pit, and each line was tied to the pit railing 

for easy retrieval. The moderator coolant header was unbolted, grappled, and 

transferred to the storage pit to be cut under water. 

Pipe grappling operations were hindered by poor water clarity. Conse- 

quently, the TV canera and placement device were needed to position the grap- 

ple, This step added to the operating time. 

Eight core clamps were intact when removal operations began; the main and 

auxiliary core clamps had been removed previously. One clamp was dislodged 

when other internals not attached to the tank structure were removed. The 

fourth clamp was displaced as the sump pump was being removed. Sections of 

the hand that had only one pin were displaced from the liner by jiggling the 

housing clamp lifting tool. Four sections of the band had two or more pins in 

them and required the stud displacement tool for removal. These band sections 

were a result of missing clamps. These dou le sections read only 50 mR/h, 

which permitted disposal in an unshielded wooded shipping container. The core 

clamp next to the moderator coolant line could not be grappled with the hous- 

ing clamp liftin tool. Instead, a nylon line was used to catch and secure it 

1. The clamps that had been dislodged were retrie ed from the 

net and line, 
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9) The outer row of s nts supported b 
removed. 

led under the center section, and the remain- 

1 The nanip 

2) The staybolt s ments not suppor 

3 )  Shir.1~ were placed under th nd the remainin 
bolt segments 

14) The manipulator was removed from 

ost and center s 

No sigificant problems occurred during the removal of the core tank 
walls. Replacement of nozzles and electrodes were r utine, underwater visi- 
bility was adequate, and cutting around the main and auxiliary inlet presented 
nominal challenges. Maximum segm nt dose rate was 45 R/h 
exposure per row of transferred segments was 25 mren per man 

The core tank bottom removal was started by placing it on shims, Cut 

debris iias removed to permit the installation of the manipulator and guide- 

post. Three days were required to tank and install 
it took 1 day to install the manipulator. 





actual skirt weld elevation was 2 in, lower than anticipated. Thus, 12 a 

tiona? vertical cuts were required, which resulted in two additional small ( 2 -  

y 35-in.) se s. Horizontal cuts at the skirt weld freed the 2.5-R/h seg- 

o a shipping cask liner. 

e tank edge to 
weld, A 2- by 2-in. grappling hole was cut in sition segment, and 

late grapple was install d. Radial, knuckle, and skirt-weld cuts per- 

mitted the segment to be peeled off of the skirt. 

With the skirt out of the way, the tank transition (knuckle) segments 

were easy to cut and grapple. Removal of the transition segments permit 

torch access to the skirt. The skirt was grappled in eight places and sus- 

pended 10 in. above the bottom of the outer tank during plasma-arc cutting. 

Cut sections were placed in wooden disposal containers. 

The second circle consisted of six staybolt segments. The staybolts had 

been unthreaded and removed previously. The segments were grappled and loaded 

into a shipping cask liner. Typical segment dose rates were 400 mR/h at 3 ft. 

The 38-in.-diameter bottom center segment of the core tank was grappled 

with a vertical lifting grip and placed on the floor adjacent to the reactor. 

ost was removed and the 2.0-R/h center segment was loaded into a 
submerged shipping cask l iner conpleting the core tank bottom removal 

operation. 

.9.8 Outer Tank Bellows Removal 
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er and containment hood 

Iculations sh re per man would be within 

acceptable limits. Calc d that unshielding shipping of the 

a-arc cutting operations was 

nd outer tank, 

in. wide) generated 

explosive cutting 

roduced when the 







slag piles, but failed to remove particulates from within the piles. A 6-in.- 

wide blade mounted on the down extension of the arm and the water jet from the 

pump were used to push the debris into a basket. Three full baskets (600 Ib) 

were removed. This debris was visually inspected for fuel elements, but none 

was found. 

4.4.9.10 Outer Tank Removal 

The outer tank was a 15-ft-diameter, 19-ft-high, open-top vessel 

lled 8 ft below floor level and surrounded by thermal insulation (see 

Figure 45). The 1/4-in.-thick carbon steel tank was used for cover gas con- 

inment. Two horiz ntal corrugated cylinders (be1 lows) intersected the tank 

at 14 ft below floor level. A 3/4-in.-thick doubler plate reinforced the bel- 

lows-to-tank junction. 

Removing the bottom of the outer tank consisted of removing all sections 

of the outer tank below the line where the tank flange was 1-3/4 in. thick. 

The lower half of the flange was 2 in. thick; the upper half tapered to a 

l/2-in.-thick section. The carbon steel flange was welded to a 150-in.- 

diameter, 2-1/2-in.-thick carbon steel plate. Eight equally spaced locating 

cleats (2 by 2 by 9 in.) were fastened to the bottom of the tank. 

To prevent water from saturating the thermal insulation, the outer tank 

was cut in an air environment. The guidepost was installed in the locating 

e previously drilled into the bottom of the tank. The man.ipulator was 

installed on the guidepost with the radial arm bolted to the carriage in the 

outermost location. An asbestos cover installed over the hose bundle pre- 

vented damage from sp ination was fixed to th inside diameter of 

the tank by painting hromate primer. An airless paint sprayer 

attached to the manipulator was used to the paint. All plat 

ings were covered with plastic, and the radiological exhaust duct was con- 
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The cutting pattern specified four rows of 55-in.-high segments, but 

since low activity levels permitted segments to be shipped in a wooden box, 
the height was doubled. Segments from the top row read 25 mR/h at 1 ft, and 
segments from the bottom row read 5 mR/h at 1 ft. Cutting the doubler plates 

ellows required usin ters for 1-1/2-in.-th 
stainless steel. 

The outer tank bottom flange taper dimensions were not the same as indi- 

cated by the drawing dimensions. As a result, the horizont 1 cut severed the 
flange where its thickness was too great for lifting grips to be installed 
easily. Several grips were inadvertently installed in the wrong loc 
could not be remotely removed. This caused the cuttin attern to be revised 

and produced two double and several half-size segments. 

Cutting and removal operations were almost flawless. Changing t 

carriage location produced a few uncut tabs at the cut start/stop points. The 
segment removal sequence was simplified by removing all but one segment. The 
46-in.-diameter center section with an attached segment was loaded into an 
extra large shipping box. The maximum segment dose rate was 1 R/h at 1 ft. 
This concluded remote dismantling operations. 

4.4.9.11 Insulation Removal 

A 9-in.-thick layer of insulation covered the inside diameter of the cor 
liner. It was held in place y wires connected to studs welded t 

cavity liner. Remote removal using the plasma-torch manip lator system 

wn wires were cut man 

days, Removal of 



Excavation of Contaminated Soil 

The primary sodium f i l l  tank vau and the sodium service vault were 

located directly north of the reactor ilding high-b . During reactor 

operation, the concrete surfaces of these vaults became contaminated. Decon- 

















2) The 75-ton bridge crane should be down rated to 5 tons and 

stored at the far west end of the high bay when not in use. 

3) A retaining wall should be built at the southern limit of the 
excavation in the high bay between the hot cell wall on the 

west and the auxiliary secondary gallery wall on the east (see 

Figure 52). The retaining wall was to consist of 50-ft-deep, 

steel-reinforced concrete pilings with 4 by 12 wooden shoring 
secured in channels imbedded in the piles. Figure 53 shows the 

insta'llation of the wooden shoring. As the excavation deep- 

ened, additional shoring could be added, 

4) Seismic bracing had to be added when the excavation was 
conlpleted. 

5) Additional bracing had to be added if excavations went below 

the bottom of a footing. 

The pilings for the retaining wall were installed while the excavation of 

the access ramp was in progress. The ramp provided equipment access for the 

concrete va.ult demolition and the high-bay excavation. The SRE high-bay exca- 
vation lowered 90% of the high-bay floor area an average of 20 ft, Six seis- 

mic braces were added. Four &in.-diameter steel pipes tied the grade beam 

under the north wall to the floor of the primary fill tank vault. A single 

8-in. pipe bisected the northeast corner from the grade beam to a new footing 

down in the excavation. Another 8-in. pipe tied the grad beam under the east 

wall to an existing concrete footing, located at grade, e st of the high bay. 

ion was found in the near the primar fill tank vault 

and the main prim ry vault. The bedrock in t is area consisted of multilay- 

ered sandston Numerous c nd slip planes were visible. Individual 

cracks could be ft or nore along the surface. Contaminated liq- 

with this particul 
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The level chosen for a specific column footing was based on the extrapo- 

lated amount of contamination expected. One column was partially undermined 

( 1 / 1 1 .  Two columns were totally undermined (7A and 1lD). And two columns 

and footings were removed and later replaced (8B and 9B). The installation of 

temporary footings and columns was subcontracted. Only one column was worked 

on at a time, and a full, 28-day cure was permitted on a foundation or column 

before work was started on an adjacent footing. Figure 54 shows the column 

supports and the seismic braces anchored to the floor of the primary fill tank 

vault. Figure 55 shows the column bracing inside the high bay. Column 7A, on 

the left, already has a neb/ foundation and reinforced footing in place. Note 

that Column 9B has been removed, 

The excavation east of Column 11D was opened once access through this 

area was no longer required. The contaminated bedrock directly under the col- 

umn footing was removed and a new concrete foundation was installed. Excava- 

tion of contaminated soil was continued east of the facility. A 6- by 10- by 
12-ft-deep hole was excavated below Column 1lD to remove a11 of the contami- 

nated bedrock. Figure 56 shows a part of this excavation. 

The column support bracing remained in place until the high-bay excava- 

tion backfill and compaction was started. The seismic bracing, which was 

anchored above the lower level of the excavation, remained in place until the 

backfill soil reached the level of the primary fill tank floor. 

4.4.11 Biological Shield Demolition 

iological shield was a solid, high-density concrete structure 

surrounding the core cavity liner. Th shield was 4 ft thick, with the 
exception of the pipe bellows area (see Fi e 5). Prior to the start of 

iological shield thods trade study w 

performed. Thre were evaluated: (1 )  using the large h 

Hy-Ram, ( 2 )  using standard j tools, and (3 )  using 

conventional explosives. To taken of the 
ical shield 









using a Milwaukee heavy-duty drilling rig with a 2-in.-diameter 
long, dianond-impregnated core drill. 

The first three samples were taken at 3 ft 4 in., 7 ft 8 in., and 13 f t  

2 in. below-grade level. The drilling was accomplished from the outside of 

the biological shield to the inside. The next three samples were removed from 

, and 27 ft below grade and were drilled from the inside of the bio 
cal shield out. The sample loc tions and their relationship to the reactor 
core are shown in Figur 

1. CORES TAKEN A T  3 f t  4 in., 
7 f t  8 in., AND 13 f t  2 in. 
WERE TAKEN FROM THE 
OUTSIDE IN ON THE EAST 
SlDE OF THE BIOLOGICAL 
SHIELD. 

2. CORES TAKEN AT 20, 26, 
AND 27 f t  WERE TAKEN 
FROM THE INSIDE OUT 
ON THE EAST SlDE OF 
THE BIOLOGICAL SHIELD. 
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TABLE 12 

(Below Grade) 

3 f t  4 i n .  

13 f t  2 i n .  

20 f t  0 i n .  

26  f t  0 i n .  





ure 58. SRE Core C after Demolition of Biological Shield 
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Meetings with various contractors and consultants were held to explore met 

of excavating the bedrock adjacent to the sleeves. The follouing corn 

to provide the needed access: 

A lowstrength concrete nix was placed in t 
the small backhoe. This provided a smooth, 

rock drill, adjacent to the sleeves. 

A rock drill was used to drill a pattern of 

.he excavation du 

' 93 holes in a 

imately a 10-ft by 70-ft area. The holes were a minimurn of 

30 ft deep. 

A large backhoe capable of excavating 35 ft straight d 
rought onsite. The large backhoe was also equipped 

Hy-Ram to fracture the bedrock which had been weakened by the 

rock drilling. 

The two sleeves were pumped dry and then filled with an ex 

ing polyurethane foam to fix contamination. If the Hy-Ram o 

backhoe had inadvertently punctured a sleeve, the foam would 

have minimized the spread of contamination. 

Figure 66 shows the rock drill in operation. Figure 67 shows the large 

backhoe in operation inside the high-bay excavation. Figure 68 shows one of 

the two sleeves being removed from the excavation. 

Samples for anaf sis were taken every 6 ft during the rock drillin 

well as the excavation. No contamination was found in the 10- by 12- 

32-ft-deep excavation, Archive samples were taken and the ole was backf i 1 led 
3 with lOG yd of low-strength concrete. This proved to be cost effective 

compared with the la charge of backfilling and compacting 

access was limited For machine compactors. The two sleeves were transfer 

3 for size r tion and packa ing for disposal, Fi 

he size reduction in Building 163. 





















17. This put the drain line almost 7 ft below the floor f the metallurgi- 

cal cell and close to 9 ft at the point where it entered the T1-T2 pit. Exca- 

vating the pipe by hand would have been costly; machine access was needed. 

Since the high-bay excavation had exposed the east wall of the hot cell, a 

was made through this wall. A concrete wall saw was used to cut an 

opening in the 18-in.-thick wall into the operating gallery. The Hy-Ram was 

used to remove the concrete. Access into the primary cell was provided by 

demolishing the east wall of the cell. Access into the metallurgical cell was 

ovided by demolishing the west wall of that cell. A concrete saw was used 
to cut the floor in the cells and the service gallery. The backhoe was used 

to excavate above the drains. The final few inches of soil were removed by 

hand, so as not to risk damaging the pipe. The contaminated drain line was 

renioved and packaged for burial. No contamination was found in the soil. The 

excavation in the service gallery also provided access to the wash cell valve 

pit drain. Some additional concrete sawcutting and backhoe operation uncov- 

ered this drain line, which entered the Tl-T2 pit at approximately the same 

elevation as the hot cell drain. In the same vicinity was the wash cell gas 

vent line which also entered the Tl-T2 pit. A hole was found in the gas vent 
line and contaminated soil up to 21,000 pCi/g was found adjacent to the pipe. 

Some hand excavation was required to remove a11 of the contamination. No con- 

tamination was found near the wash cell valve pit drain. The wash cel7 valve 

pit itself was found to be contaninated. The Wy-Ram was used to demolish the 

concrete, and the rubble was packaged fo 

Since the hod cell nas below grade, it was subject to the effects o f  

at the site. Several temporary sumps were installed in the high- 
bay excavation, u t  the hot cell had its own per~~anent sump. Leach lines 

installed under the concrete floo channeled the ground water to the sump dur- 

he rainy season, A sump pun was used to pump the water up and away from 

n of the reactor, the drain from a radioac- 

mp, The pump disch rge was connecte 

nk adjacent to the discharge line, The sump, sump pump, 

leach lines were contaminated. All of the 
ed, and a new sump was installed, A portion 



of the leach lines was replaced. A new sump pump and some piping were 
required. The radioactive holdup tank was excavated and shipped to burial. 

No additional contaminated soil was found. 

Numerous penetrations existed between the operating and service galleri 

and the insides of the two hot cells. There were also penetrations between 

the two cells. Most of these consisted of small-diameter (2-in. or les 

and electrical conduit. Some of these pipes were surveyed and found 
internally contaminated. Those that could not be decontaminated easily w 
removed by core drilling a 4-in.-diameter hole round the pipe and removing 
the solid core with the pipe intact. Located in the floor of the primary cell 
were three storage thim les, They were 3 in. in diameter and 9 ft long. Th 

were easily removed by the H -Ram as part of the cell floor demolition. 

The Tl-T2 pit adjacent to the hot cell originally cont 

liquid waste holdup tanks. They were removed early in the SRE decommission- 

ing. The pit was constructed of c ncrete and required surface decontamination 

over a large area. Jackhammers and hand scabblers Mere used as machine access 

was limited. 

All of the trenches and excavations in the floor of the hot cell were 
backfilled and compacted. The floor was patched at the completion of ho 

decontamination. 



and a final report verifying the compaction density of the high-bay backfill. 

This report is on file with the Facilities & Industrial Engineering Department 

of Rockwell International, Energy Systems Group. 

The wooden shoring wall was removed fron the bottom up, as the backfill 

soil raised the level of the high-bay excavation (see Figure 73). The column 

support bracing was removed wl~en the soil level reached the tops of the tempo- 

rary footings. Seismic bracing installed outside the high bay was also 

rernoved when the backfill soil reached the footings. Figure 74 shows the 

high-bay excavation during the early phase of backfill and compaction. 

3 Approxiciately 7000 yd of material was used to backfill the SRE excava- 

tion. About half was available onsite and consisted of soil from the excava- 
tion and clean concrete rubble, Large pieces of concrete were reduced in size 

with a mobile crane and a wrecking ball. The remaining soil was purchased 

fron a nearby land development. 

While the high-bay backfill was in process, Energy Systems Group's Facil- 

ities Design engineers were designing a replace~ient floor for the high bay. 

Construction of the new floor started shortly after the completion of back- 

filling. The excavation surface area outside the building was paved with 

asphalt . Since the h igh-bay wall s had yet to be decontaminated, precautions 

were taken to prevent the new floor from being contaminated. Two coats of a 

concrete sealer were applied. Next a coat of strippable latex paint was 

applied to prevent liquid contaminates from getting into the porous concrete. 

In the event a spill occurred, a second coat of paint would have been applied 

over any residual contamination that could not be removed. Then both coats of 

paint would be stripped off and fresh paint reapplied. The theory was not 
tested since the floo was not cross contaminated during any r ining decon- 

tamination activities. 







With the replacement of the high-bay f 'loor, below-grade decontamination 

activities at the SRE were completed. Only the high-bay interior and the 
radioactive exhaust system remained to be decontaminated. Since the radio- 

active exhaust would be needed for high- ay decontamination, it was left for 

last. A characterization survey was performed on the high-bay interior sur- 
faces to determine the extent of the contamination. Locations of high instru- 

ment readings were identified on the ~~alls. Srnear samples indicated no remov- 

able contamination. Samples of the paint and the concrete behind the paint 

were obtained and analyzed. In all cases, contamination was found in the 

paint but not in the concrete. An evaluation of different aint removal meth- 

ods was initiated. Sandblasting was selected over mechanical or chemical 

means. A sandblasting contractor who could work to our procedures w 
selected and a contract was awarded. Concurrently, a contract to install 

scaffolding in the high bay was awarded. The scaffolding provided access to 

100% of the high-bay walls, the perimeter of the ceiling, and a portion of the 

three bridge cranes. Access to the remainder of the ceiling and cranes was 

accomplished by using a manlift. Figure 75 shows the scaffolding along the 
east wall of the high bay. 

Prior to the start of sandblasting, the high bay was sealed and the 

radioactive exhaust units on the roof were activated. A negative pressure was 

maintained in the high bay to prevent the release of airborne contamination. 

The rooftop exhaust system had been designed for this purpose since the hi 
bay was at a negative pressure during reactor operation. Sandbl 

ctive in removin the many layers of n the concre 

surfaces. The large amount of dust generated necessitated a much 

normal frequency of filter changes in t 

of sand deposited on the floor each day necessitat 

ntractor had 





faces near th ceiling. No , a sandb'laster prepares surface for 

painting. It is usually acceptable if a certain amount of th original paint 

is not removed, p icularly on s s that are difficult to reach (e.g., 

tops of beams or trusses, or backside of support columns). On a decontamina- 

tion job, these a e the surfaces that must be cleaned as well 

Consequently, some of the structural steel surfaces had to be resandblasted. 

In addition to he walls, ceiling, and structural steel, three bridge 

cranes were located in the high bay. A self-propelled, 60-ft manlift was 
required to reach th cranes for sandbl sting and surveys. The two 5-ton 

cranes were relative to decontaminate. The large, 75-ton crane had 

many surfaces that were not cleaned by sandblasting. Some surfaces required 
several applications of a chemical paint stripper followed by hand scrubbing 

with a wire rush to remove contaminated paint. More contamination was found 

in and behind electrical control panels mounted on the crane itself. Decon- 

tamination of the panels proved ineffective. They were removed and disposed 
as waste. The braided steel cable on the hoist was contaminated in several 

places dnd had to be removed and shipped to burial. 

A final survey verified the removal of all contamination from within the 
high-bay interior. 

Disposal of Radioactive Exhaust Systems 

The SRE was equipped with three independent radioactive exhaust systems. 

Two identical units were mounted on the roof and exhausted air from the high- 

bay area. A separate single exhaust system for the hot cells was located 

e the metallur ical ce!l west of the high ay. During the decon- 
tamination activity, the roof units were used primarily during the sandblast- 

cell exhaust was disconnected from the two 

in the decommissioning, and a n w 18-in,-diameter exhaust line was routed into 

. The new duct provided a header to which se 

eter flexible or rigid exhaust lines could be connected. 
SRE decommis 



vent for the sodium passivation, provided a negative pressure during reactor 

dismantlement and biological shield demolition, and was used during high-bay 

A radiological survey of the two roof units indicated they could be dis- 
mantled in place if the removable contamination could be "fixed" to the inte- 
rior surfaces. This was accomplished with spray paint. Figure 76 shows the 

dismantling effort on the east roof exhaust. Both units were cut up into man- 

ageable pieces, wrapped in plastic, and lowered to the ground using an exist- 

ing roof hoist. Figure 77 shows the removal of a portion of the roofing mate- 
rial adjacent to the roof penetration. Contaminated material was packaged for 

1. The hot cell exhaust was dismantled starting with the ducting far- 

thest from the blowers and moving toward the plenum. The contaminated compo- 

nents were packaged and shipped to burial. Noncontaminated items were sent to 

salvage. The exhaust stack was internally surveyed, found to be clean, and 

left in place for possible future use. 

Decontamination of Buildings 163 and 041 

Building 163 is a prefabricated, sheet metal building located just east 

of the SRE. The west end of Building 163 has served as a pipe spool fabrica- 
tion shop, a machine shop, a radioactive waste staging area, and a radioactive 

waste size reduction and packaging facility. Decontamination of the west end 

of Building 163 was included in the SRE D&D activity. 

A radiological surv y indicated that most of the con 
building was located in the wall insulation material and in the concrete 

floor. A11 of the insulating material was removed from the ceiling and walls 
and disposed of as radioactive was e. 4 2-ton bridge crane and its su 

structure were remo ed. The hoist was pack rial. The structural 

steel was dec nd sen t  to sal 

ion, and a sma dioact ive exhau stem was dis- 
mantled and s ped to burial, 
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was located within the SKE complex, west of Building 143. 

It had primarily been used for storage of radioactive waste prior to ship- 

ment. A small amount of fixed contamination was found on the concrete floor. 
Scabbling was used to remove the contamination. 

Several pieces of equipment were found to be extremely useful throughout 

SRE deconissioning p ject. A time-and-materials contract was established 
o provide concrete dem tion services. The contractor had a large assort- 

ment available for use at the site, as well as a ready supply of 

experienced operators and 'laborers. The workhorse of the project was the 

backhoe/Hy-Ram combination. Figure 78 shows the Hy-Ram, a hydraul ic jack- 
hammer that could be mounted onto a backhoe in place of a bucket. The Hy-Ram 
could demolish concrete or bedrock many tines faster than hand-held jackham- 

mers. It could operate in any position, including 20 ft below the surface 

where the backhoe was parked. Despite its size, the Hy-Ram was easily maneu- 

vered and could be used for selective material removal. The backhoe was used 

regularly at the SRE site. Various size buckets enabled the backhoe to exca- 

vate a91 but the deepest components at the site. The large backhoe shown in 

Figure 67 was used for the fuel element enclosure sleeves removal. It had the 
capability to excavate a hole 35 ft deep. 

Concrete surface decontamination was a large part of the SRE D&D proj- 

ect. If a concrete surface could be decontaminated, the remaining nateria 

could be disposed of as cle n rubble with a significant waste disposal c 
savings. Many different methods and various pieces of equipment were tried 

es of success. 

The best and most versatile too 
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attached. With the vacuum on, very little airborne dust escaped from the work 

surface. A single-headed "potato masher" scabbler was used in places the jar- 
ger unit could not reach. Pneumatic tools, from 15-lb chipping hammers to 

90-1b jackhammers, were used extensively for concrete and bedrock removal. 

Portable vacuum cleaners for the removal or control of radioactive par- 

ticulates were equipped with absolute filters and were used regularly at the 

SRE. Figure 69 shows a vacuum in use in Building 163. 

4.5 CJASTE DISPOSAL 

Most of the radioactive waste from the SRE was packaged onsite. Material 

or rubble identified as contaminated was packaged for burial as soon as possi- 

ble. This was done for several reasons: first, it reduced the chance of 

cross contaminating a clean or recently cleaned surface; second, it provided 

access for further decontamination activity; and third, it reduced the radio- 

active field in a work area. 

The selection of a container to package waste was based on several fac- 

tors including type of material, volume to be packaged, and radiation level. 

Low specific activity contaminated soil, bedrock, and concrete rubble were 

packaged in cardboard, tri-wall King-Pac* containers, These containers were 

mounted on a plwood skid, held pproximately 1 yd3 each, and when loaded, 

had an average weight of 2000 lb. The King-Pacs had several advantages: they 

ensive, the skids could be fabricated in advance and stored at the 

x could be assembled in ninutes, and even a loaded container was 
easy to handle. T e was the fragility of the cardboard. 

Great care was required when r handling King-Pac containers. For 

had to be packaged with a sufficient quantity of soil to prevent the rubble 

"Registered trad 



uring the sidewall of the container. 

oard were sufficient to cause a 

ox would hav 

repackaged. 

Low specif ic-sc ood was packaged in strong, 
3 100 ft , and gross weight 

when packagi 

y, the sidewall of 

ners required indoor storage, Onsi te, 

ndardized shipping con ainers, like th d strong, tight, 

oxes, helped or 

ired. The reactor vessel shield plug and the ring 

shield were both shipped to burial int ct. The two FHMs and the one moderator- 

handling machine were a so shipped to burial with only minor disassem 

e components, it was cost o perform a size-reduct 

tion prior to shipment. Figure 69 shows a size-r duction booth set up in 

Building 163. Items such as the fuel element enclosure sleeves and the dip leg 

segmented in the booth, with a cutting torch or portable band saw, 

into a shippin 

Components having igh 'levels of radioac special pack 

. Lead or concrete shielding was used to 

rate on a container when shipping high-level waste. Dedicate 
disposal of items that could no 

even with shielding, The re ctor vessel segments wer 



became more restrictive, this was no longer permitted. Initially, contami- 

nated 1 iquids were acceptable if they were mixed with an absorbent medium, 

such as diatomaceous earth. This is how the 2500 gal of contaminated alcohol 

used in the sodium passivation process were disposed of. Eventually, the 

restrictions also prohibited this process. To comply with the new require- 

ments, it became necessary to construct an evaporator. The unit was installed 

at the RMDF. Contaminated liquids were transported to the RMDF and processed 

in the evaporator. After processing, the remaining sludge bdas nixed with the 

proper quantity of cement powder and permitted to solidify in drums. The 

drums were acceptable at the burial site. 

4-5.2 Radioactive Waste Transport and Burial 

Transportation of radioactive waste from the SRE site was contracted to 

carriers licenced to receive and transport radioactive materials. Normally, a 

shipment was transported in a covered trailer 40 ft or 44 ft long. The quan- 

tity of each shipment was restricted by a 40,000-lb weight limit. Special 

transport vehicles were required to ship oversize or overweight loads. Fig- 

ure 28 shows the reactor vessel shield plug being shipped to burial. Fig- 

ure 80 shows the ring shield on a special transport vehicle. Radioactive 

waste from the SRE was shipped to two burial sites. 

4.6 POST-DECOIIMI SSIONING RADI OLOGICAL SURVEY 

The SRE facility was divided into several regions on the basis of past 
use, contamination history, and decommissioning operations. These regions, 

marked on F i  ure 81, were treated as geographical units in releasing the 

facility. 

- This area cont ined the Hot Oil-Sodium Cleaning 

724, and re1 

drainage paths. Building 724 wa to Region IV and is 

ntified as Buildin 
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released f o r  unres t r ic ted  use. Surve data f o r  t h i s  

i s  included i n  the  report  f o r  Region IV. 

- This area contains the Box Shop in the  eas t  end 

of Building 163 and also includes the surrounding pa 

surf aces. 

- This area adjoins the contaminated work area of 

3 and comprises the entrance approaches t o  the SRE 

and Region IV. 

ea consis ts  of the roadway from the SRE 

west parking l o t  and the slope t o  the west of the SRE and 

includes the  building moved from Region I .  

- This area contains the gas storage vault (Build- 

ing 653) and the temporary radioactive waste s tora  

- This area contains the water supply storage tank 

and some Southern California Edison Company s t ruc tu res ,  

- This area contains the re tent ion pond, the old 

leach f i e l d ,  the sani tary  sewer pumping system, and the SRE 

drainage channel back t o  the fence l ine .  I t  includes the  

re tent ion pond overflow channel downstream f o r  a distance o f  

about 200 f t .  

Region VIII - This area consis ts  of paving t o  the south and 

west of Building 143 t o  a proximately the enclosure fo r  the 

T1JT2 and T3 p i t s .  I t  includes the drainage channel along the  

southwest t o  south ed e of the paved area.  

- Thi s area consis ts  of the remainder of the paved 

area around Buildin nd includes the drainage path along 

the north s ide  t o  the fence l ine  a t  the  northeast corner. 

- This area was in use as  a parking l o t  and includes 

eas t  of the  parking l o t .  

the contaminated work area of 

he concrete ram 

- This was the rnajo 



distributed contamination. The ground level and certain below- 

grade rooms are show in Figure 3. 

Building 041 - The north portion of this building was used 

for interim storage of radioactive waste prior to shipment for 

disposal. The south portion was used for storage of controlled 

i tems. 

As decontamination work in a region or building was completed, final sur- 

vey activity began. A technical information (TI) report was prepared for each 
region and building as they were certified for final release to unrestricted 

use. The reports identify the area covered by the survey, the types of moni- 

toring instruments used in the survey, and the results of the survey. In all 

cases, the level of radioactivity in the region or building was found to be 
below the acceptance criteria used in Table 3. 

These reports have document numbers as follows: 

N704T1990027, Region I 
"Radiological Survey Results - Release to Unrestricted Use, 

SRE Region I (Building 724 Area)" 

N704TI990028, Region I I 
"Radiological Survey Results - Release to Unrestricted Use, 

SRE Region I1 (Building 163, Box Shop)" 

N704Ti990029, Region I I I 
"Radiological Survey Results - Release to Unrestricted Use, 

SRE Region I I1 (SRE Entrance)" 

N704T1990030, Region IV 
""Radiological Survey 

SRE Region IV  (West Parking Lot)'" 



N704TI990031, Region V 
ogical Survey Results - Release to Unrestricted Use 

SRE Region V (Gas Storage Vault)" 

N704T1990032, Region VI 
ogical Surv Results - Release to Unrestricted Us 

SRE Region VI ( W  

N704TI990033, Region VI I 
"Radiological Survey Results - Release to Unrestricted Use, 

SRE Region VII (Retention Pond)'" 

N704TI990034, Region VIII 
"Radio70gical S rvey Results - Release to Unrestricted Use, 

SRE Region VIII (SRE Front Lot)" 

N704TI990035, Region IX 
"Radiological Survey Results - Release to Unrestricted Use, 

SRE Region IX (SRE Back Lot)" 

N70411990036, Region X 

"Radiological Survey Results - Release to Unrestricted Use, 

SRE Region X (SRE Parking Lot)" 

N704TI990037, Building 041 
"Radiological Sur Its - Release t Unrestricted Use, 

SRE Building 

lease to Unr 



SCHEDULE AND COST 

5.1 SCHEDULE 

Operation of the SRE as a nuclear pow r plant ended 75 Febru 

Modifications for a planned power expansion were completed 15 !+lay 1965, At 

that time testing of the non-nuclear systems began. These systems were shut 

down in September 1967 after a decision was made to d commission the SRE. 

A deactivation plan was implemented to put the facilit in a "stored-in- 

place" condition. Deactivation of the facility was completed in 1968, and it 

was placed in a surveillance and maintenance mode. 

An initial proposal for decommissioning the SRE was prepare 
This proposal was prepared to get the project under way and was issued without 

having site characterization radiation data available (survei 1 lance data from 

9966 were utilized). The proposal requested funding for a 3-year period with 

a dismantlement plan to be prepared during the first year. 

The dismantlement plan cJas prepared in 1975. It defined the methods to 

be used in removing contaminated equipment, systems, and materials, including 

cutting and removing the reactor vessels using a plasma torch. It also iden- 

tified the need for development work and a test facility to establish and 

demonstrate cutting methods and parameters. This development work was accom- 

lished in the 1975 through 19 7 time period while auxili ry systems and 

structures were being removed. Reactor vessels were cut and disposed of in 



The final schedul for decommissioning the SRE is shown in Figures 82, 

3, and 84. The o iginal 3-year funding period (1975 through 1978) was estab- 

lished to initiate the pro ram. Subsequent schedules evolved to accommodate 

funding limitations and to meet the needs of changed conditions which expanded 

the work scope. 

5.2 COST 

The proposal submitted in 1974 to initiate the dismantlement covered a 

ear period and requested 6.9 million in 1975 dollars. The budget request 

was prepared before the dismantlement plans were prepared and without a radia- 

tion characterization survey. 

The dismantlement plan had not been prepared when the original estimate 

was made. It was one of the first activities funded by the original 

request. The dismantlement plan identified the need for a test facility and a 

2-year program to develop, test, and demonstrate plasma arc remote cutting 
capabilities to segment and remove the reactor vessels and internals. 

Changing conditions encountered during the decommissioning added complex- 

ity and additional work to the project. As the work progressed, radiation 

surveys detected more contamination than anticipated in areas surrounding the 

reactor building, in radioactive waste systems, in the reactor building equip- 

ment vaults, and in the bedrock beneath the vaults. Contaminated water leaked 

into the bedrock. Extensive excavation was required to follow and remove con- 

tion which seeped into cracks in the foundations had 

to be temporarily braced and shored to preve 

nditions differed from 

eaning and/or re 

nrestricted us 



ACTIVITY 

DOCUMENTATION 

Disniantiement Plan 

Act iv~ty  Requirements 

Documentary Film 

Work Pr~cedures 

Environmental 
Evaluation Report 

F~na l  Report 

- - -. . - .- - - - -- - 

FACILITY SITE PREP 

Service Requirements 

Des~gn Facility 
Support Modificat~ons 

Mod~ fy  Support Facilities 

. - --- 

REMOVE & DISPOSE OF 

CONTAMINATED AND 

HAZARDOUS EQUIPMENT 

M a ~ n  Air Blast 
Heat Exchanger 

Auxiliary Air Blast 
Heat Exchanger 

Gallery Cooling System 

Kerosene Cooling System 

Secondary Sodium P~ping 
External To Building 

Drum Primarv Sodium 

Dismantle Sodium Piping 

Clean and Dispose 
of Sodium Piping 
and Equipment 

re 82. SRE Decommissioning Schedule 



ACTIVITY 

REMOTE TOOLING 

Establtsh Task 
Reaulrements 

Destgn and Fabricate 
Mockup 

Design and Fabr~cate 
Man l~u la to r  

Plasma Torch 
Deve lo~ment  

Scope Cutting 
Cutting Parameters 

Develop Operation of 
Manipulator in Mockup 

Prepare Detailed 
Work Procedures 

Install Manipulator 
In SRE Vessel 

REMOVE AND DISPOSE 

OF REACTOR VESSEL 

INTERNALS 

Plugs 

Shield Plugs 

Miscellaneous lnternals 

Reflector and 
Moderator Cans 

Ring Shield and 
Bellows 

Explosive Cut 
Internal Piping 

Figure 83. SRE Decommissioning Schedule 
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Requirements for radwaste disposal changed significantly during the con- 

tract period, and waste shipping and burial costs increased by a factor of 

2-1/2 from 1974 to 1982. 

An abnormally high inflation rate during the extended decommissioning 

period increased the costs. The original estimate of 6.9 million was in 1975 
dollars. The final cost included approximately 4.3 million attributable to 

inflation. 

The combined effects of changing conditions, increased work scope, in- 

creased waste burial costs, extended schedule, and the abnormally high infla- 
tionary period resulted in a final cost of $16.6 million in 1982 compared with 
the 1974 estimate of 6.9 million in 1975 dollars. 

The SRE decon~missioning project has shown that thorough and complete 

engineering studies, planning, and site survey data are needed at the onset of 
a major decommissioning project to allow more accurate development of cost/ 

budget/schedule requirements. 

The total SRE dismantlement costs, summarized by najor cost elements, are 

listed below: 

Program Management, QA, and Plannin 
Development 

Reactor Structure 

Radioactive Heat Transfer Systens 

Reactor Building Su 

Support Buildings and Str 

Nonradioactive Auxili 

(Including Fee) 



10, Waste Shipmen 

11. Rectification 

12. Health & Safety 

Tota l  

(Including Fee) 
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6.0 WASTE VOLUFIES GENERATED 

Types of was te  and q u a n t i t i e s  genera ted  i n  SRE DOD a r e  shown below. 

Type of Waste 

A c t i v a t e d  v e s s e l  
components 

Contaminated components 

Contaminated s o i l  and 
c o n c r e t e  

Absorbed a lcoho l  and 
o t h e r  s o l i d i f i e d  l i q u i d s  

Disposed 1 i q u i d  

Sub to ta l  

T o t a l  

Shipping Container  Volumes, f t  3 

Boxes 

10,611 

51,490 

62,101 

Casks Druns 

1,025 

1,481 

4,993 

1,270 

8,769 

Unboxed 

T o t a l  
lo l umes 

(433)  





7.0 OCCUPATIONAL EXPOSURE TO PERSONNEL 

A t  the  beginning of the  Decomnissioning F a c i l i t i e s  Program, an Opera- 
3 t iona l  Safety Plan was developed. I t  provided the basic requirements and 

implementation f o r  radia t ion safe ty ,  indust r ia l  safe ty ,  and indust r ia l  hygiene 

and was used throughout a l l  the  projects  in the  decomnissioning program. All 

exposure t o  radioactive materials  was under the  surveil lance of the Radiation 

and Nuclear Safety Group. The radia t ion protection standards established by 

the  D O E  Manual, Chapter 0524 were used. These standards l imi t  individual 

occupational exposure t o  radia t ion t o  3 rem in a calendar quarter  and 5 rem in 

a calendar year f o r  whole-body exposure. For the ext remit ies  (hands and 

f e e t ) ,  the  1 imits a r e  25 rem per quarter  and 75 ren per year; f o r  the  skin, 

the l imi t s  a re  5 rem per quar ter  and 75 rem per year. In addi t ion,  a l imi t  of 

3 rem per year was used as  a guide fo r  controll ing individual radia t ion 

exposures. 

Fi 1 m badges, processed by an i ndependent l aboratory , provided the legal  ly  

documented record of external  exposure. These badges were processed monthly 

during the  ea r ly  part  of the project  and quar ter ly  l a te r .  

Direct-reading pocket dosimeters were used da i l y  by each employee t o  

monitor external  radia t ion doses on a task.  The dosimeters were charged a t  

the beginning of each s h i f t ,  and the indicated doses were recorded a t  the end 

of work t h a t  day. These records were summarized weekly and plotted fo r  each 

employee by the health physics s t a f f  t o  provide a current  and v i s i b l e  indica- 

t ion  of exposure control .  

Surface contamination in the  work areas was monitored frequently by smear 

surveys, with the  smears counted on automatic gas flow proportional count 

(October 1975). 



Establishment of well-defined work areas with step-off lines aided in minimi- 

zing the spread of contamination. Airborne contamination cras continuously 

monitored by use of continuous air monitors with automatic alarms. Airborne 

contamination was rarely a problem because of the control afforded by use of 

local containment and ventilation. 

Application of special techniques to jobs that would normally create 

severe airborne contamination was very satis ctory. The plasma-arc cutting 
of the core vessel under wate released a negligible amount of radioactive 

material. The outer tank was cut with the plasma arc in air. Airborne radio- 
activity from this operation was controlled by use of a temporary plastic 

enclosure exhausted by the facility radioactive exhaust system. Attachment of 
a vacuum cleaner hose to a concrete scabbling tool essentially eliminated any 

spread of dust from a ver dusty operation. The vacuum cleaner exhaust was 

passed through a HEPA filter before release. 

Internal exposures to radioactive material were determined by quarterly 

analysis of urine samples. Following suspected exposures, samples were a? so 

analyzed by an independent laboratory. Only one quarterly dose exceeded 

1.25 rem, and that was allowable on the basis of prior exposure records. 

Ambient radiation, particularly in areas subject to change in exposur 

rate, was monitored by a remote area monitor with an automatic alarm. Surveys 

were also performed by the health physics staff, and exposure rates were 

posted on a facility layout plan. 

The number of the opera 

amount of work. Radiation d 





Much of the group dose was received in specific high-exposure opera- 

tions. Disposal of the rimary sodium auxiliary systems required considerable 

hands-on work, cutting and removing piping and components containing residu 

sodium. Removal of the core tank and core tank bottom involved transfers 

between the water-filled reactor vessel and a water-filled storage pit of com- 

ponents with exposure rates of 10-30 R/h at 1 m. Doses were controlled prim- 

y minimizing time and maximizing distance between the active pieces and 

the operators. The thermal rings produced a field of 4 R/h inside the ring, 

but operators were kept outside where the self-shielding of the 5-in.- thick 

steel reduced this to 400 mR/h. Decontamination of the water-filled storage 

pit after disposal of the activated material was another relatively high- 

exposure task. 

Much of the work dealt with highly dispersible radioactive material: 

contaminated sodium and sodium compounds, contaminated water and alcohol, slag 

and dust from cutting activated steel, and contaminated or activated concrete 

and soil. In spite of this, controls were successful in restricting internal 

contamination of personnel by inhalation or ingestion. While the occurrence 

of positive bioassay results clearly suggested exposure episodes (and most of 
these clusters of positive indications were associated with incidents), no 

long-term depositions have resulted. Supplemental whole-body counts for gamma 

radiation showed Cs-137 burdens of 5 to 24 nCi, the largest value indicating 

less than 0.1% of an allowable body burden for this isotope. Assuming an 

equal amount of Sr-90 to be associated with this, but undetectable externally, 

the fraction of a body burden would be 1.2%. 

All results of the radiation monitoring program showed that exposure was 

controlled well below established limits and, in fact, can be held to levels 

that are consistent with current design criteri 



8.0 FINAL FACILITY CONDITION 

The SRE site, at the initiation of decommissioning, is shown in Fig- 

ure 86, and the SRE site, at completion of decomissioning, is shown in Fig- 

ure 07. Figure 88 is a plan view sketch of the SRE site. 

The total site has been decontaminated and hazardous materials, primarily 

sodium, have been removed from the site. The disposition of the SRE support 

facilities or 

1 )  

their present condition is as follows: 

Temporary Hot Waste Storage 686. The above-ground facility was 

razed and the contaminated materials were packaged and shipped 

to a burial site, The area was surveyed and reported accept- 

able for unrestricted use in "Radiological Survey Results 

Release to Unrestricted Use, SRE Region V," Document N704TI990031. 

Liquid and Gaseous Radwaste Waste Holdup and Decay System 653. - 
The conpressors, tanks, and piping were excavated and removed 

for shipment to burial. The remaining vaults were decontamina- 

ted and partially demolished. Contaminated rubble and soil 

were packaged as uaste and sent to burial. The area was back- 

filled. The radiological survey of the area was also reported 

in Document N704TI3S0037. 

Retention Pond and Drainage Control Dan 773. The retention 

pond was drained and contamirrated silt and soil were re~ioved. 

Recent rains have partially filled the pond. The water is non- 

contaminated. Water from the pond will be drained into the 

Simi valley as as soon as Rockwell's request for this action is 

approbed by the State of California. The Radiological survey 

resuFts are reported in "Release to Unrestricted Use, 

Region VTI," Document N704T1990033, 

Sodium Cleaning Pad 723. This facility bras used to clean non- 

contaminated sodium from equipment and materials. The area is 

clean. Survey results are reported in "SRE Region I," "Docu- 

ment N704TIS90027. 









5 )  Contaminated Sodium Cleaning Building 724. The building was 

decontaminated and transferred to another Santa Susana field 

laboratory site for use in cleaning sodium components. The 

remaining pad and surrounding area were decontaminated. Survey 

results are reported in "SRE kegion I," Document N704TI990027. 

6) Engineering Test Building 003 was used to support SRE and other 

programs activities. The decontamination of Building 003 was 

reported in a separate final report. 

7) Interin Radioactive Waste Facility 654. This facility was 

operated in conjunction with the Radioactive Materials Dispcsal 

Faci 1 ity (RMDF) . A1 7 above-grade SUE materials and equipment 
have been removed, and the surface area has been decontamina- 

ted. The final disposition of the Interim Radioactive Waste 

Facility will be associated with the RMDF disposition. 

8) SRE Component Storage Building 041. This facility was useu to 

store waste during the SRE decommissioning. This d~contamina- 

ted facility remains and will be used for clean storage. 

Radiological surveys of Building 041 are reported in "SRE 

Building 041," Document N704TI990037. 

9) Steam Generator Pad €84. The steam generator pad and all the 

nearby concrete support structures for the nonradioactive sys- 

tems associated with the production of electricity by Southern 

California Edison were demolished. The resulting clean rubble 

was used in the backfilling of the SRE building excavations. 

Radiological survey results of the steam generator area is 

reported in "SRE Regions 11, VII, and X," Documents 
N704TIS90028, N704TI990033, and N704TI990036. 

70) Site Service Building 163. This facility was used to repair 

contaminated components. In recent years, the east end of the 

building was used for constructing shipping containers. The 

facility was decontaminated, and the basic struc 

continued use as a box sho Radiological s 

for Building 163 are reported i n  "SRE egion 11," Document 

N704TI990028. 



1 1 )  Intermedial e of Contaminated Items 689. This facility 

ior to the SRE decooimissioning. The con- 

taminated blacktop in the area was removed and the area was 

adiological survey results are reported in '"RE 

ion IV," Docunen N704T1990035. 

Fill Tank Vault 753 and Cold Trap Vault 695. These 

e contaminated. T e total below-grade structure was removed 

and the area was backfilled and paved. The radiological survey 

eported in Document N704TI990038. 

13) Sodium Service Building 153, This building was razed. The 

concrete pad and footings were excavated to provide access for 

excavation equipment into the main SRE building. This area has 

been backfilled and paved. The radiological survey results are 

reported in Document PJ704TI990025. 

14) SRE Reactor Building 143, The north portion of the SRE 

building contained the reactor and supporting systems. The 

contaminated systems were removed, contaminated soil and bed 

rock were removed, the excavations were surveyed, then back- 

filled and paved. After the uilding superstructure was decon- 

taminated by sandblasting, it was painted. Lighting and fire 

detection systems were restored. The south portion of the 

building housed the control rooms, offices, restrooms, and 

electrical services. These areas were decontaminated as neces- 

sary. The final survey results of Building 143 are reported in 

15)  SRE Complex. Only the reacto uilding, 143; the storage 

e service building, 163; and a fire pump 

ast end remain, T e total area 



The release of the SRE complex to unrestricted use will be contingent on 

the acceptance and approval of this final report and the report to be issued 

by Argonne National Laboratories survey team who conducted independent surveys 
at the site. In addition, the release to unrestricted use will be based on 

the considerations presented in the "Sodium Reactor Experiment Decommissioning 

Environmental Evaluation Report," DOE-SF-4, ESG-DOE-13367. This document, 

prepared by Rockwell ESG, states that the proposed action - release for 

unrestricted use - does not present any significant impact on the environ- 

ment. Ground water will not be contaminated. Decontamination on various 

areas of the SRE has effectively reduced radioactivity in the soil to better 

than allowable limits, Contamination of water moving through these soils is 

highly improbable. Samples of surface and subsurface water has indicated 

radioactivity that is less than levels allowed for unrestricted areas. Radio- 

activity w i l l  not be introduced into the food chain from this pathway. Resus- 

pension of radioactive materials into the atmosphere will not occur since 

material near the surface, which could become airborne, contains very low 

levels of radioactivity and no significant dose will result from inhalation of 

this material. Direct external exposure from the SRE will not reflect an 

increase above that naturally occurring at the site, 





9.0 LESSONS LEARNED 

A review of the  technical  and management approaches taken t o  accomplish 

the  SKE decommissioning indicates  t ha t ,  a s  in any program, the t o t a l  perform- 

ance could be improved i f  t he  project  were t o  be repeated. This review has 

produced recommendations t ha t  wi l l  be useful in fu tu re  programs. The SRE 

project  has been divided in to  11 major tasks. Each task i s  reviewed and ana- 

lyzed, and recommendations a r e  presented, 

9.1 PLANNING A N D  ENGINEERING 

The overall  program incorporated plans f o r  health and safe ty ,  t r a in ing ,  

and qua l i ty  audi t  and assurance a s  well a s  development of approaches, respon- 

s i b i l i t i e s ,  and schedules. Beginning with a  review of the  f a c i l i t y  design and 

operating his tory ,  a  dismantling plan was prepared, followed by a c t i v i t y  

requirements and de ta i l ed  working procedures f o r  each task.  Engineering was 

performed and control  documents were developed f o r  the  t asks  and fo r  the 

development and special  tooling designs. This intensive planning e f fo r t  

proved benef ic ia l ,  both in technical  performance and in e f fec t ive  control of 

costs .  As decommissioning e f f o r t s  proceeded, d i f ferences  between design 

drawings and actual s i t e  conditions were found because f a c i l i t y  drawings uere 

not always updated. Available radiological  survey data were insuf f i c ien t  f o r  

planning purposes, necess i ta t ing s i t e  ch rac te r iza t ion  surveys t o  aid the 

planning e f f o r t .  

Conclusions and Recomciendations 

1  ) Corilprehensive radiologica7 surveys should be perf orrned pr ior  t o  

ment of schedules and cost  est imates.  Adequate 

work scope def in i t ion  i s  impossible without t orough knowledge 

ica9 contamination. 

2 )  Thorough en natives and then conpre- 

f i n e  the work t o  be done and permit accurate e s t i -  

mates and schedules t o  be prep 



ns, records of incidents, radiological 

airs, reconstruction, and any alterations should be 

decommissioning 

lities should i 

The selected SRE d ommissioning mode was the complete dismantlement of 

stems. However, in he initial pl 

ecame apparent that the specific SRE facilities and buildings could be useful 

g the deconmissionin rocedure. Consequently, facilities such as the 

e exhaust system and the personnel change room with its showers and 

adioactive wast stem were kept o erable throughout the deconmis- 
sioning procedure. In addition, the SRE reactor building provided a contain- 

ment structure for airborne contamination generated by the decommissioning 

operations. The building also provided a health physics laboratory, office 

space for supervisory personnel, and restrooms and lunch rooms. 

When the excavation of below- de structures and stems began, the d i f -  

ficulty of excavating a the need for s 

ired a decision regarding th 

superstructure. An engineerin 

to dismantle the building, provide temporary con- 

contamination o nd relocate the 

personnel ser nd supervisor offices, if the 

INATED SRE SYSTEMS AND SUPPO 



kerosene cooling system were the principal elements of the noncontaminated 

systems and facilities removed as the first decommissioning steps. A demoli- 
tion and salvage contractor was hired to perform the renoval. Because the 
work areas were physically separate from the contaminated areas of the SRE, 

the removal required no special techniques, other than industrial safety con- 

trol s for the sodium and kerosene involvement and monitoring by Health Physics 

and Safety personnel. The cost for salvage contractor services was offset by 
the value of the materials removed. 

By performing this work first, access to the contaminated systems of the 

plant was improved, and interference between work on contaminated and noncon- 

taminated systems was prevented. The tine spent removing noncontaminated sys- 

tems was also used for planning and development work for the contaminated sys- 

tems. It should be noted that safety precautions used by outside salvage con- 

tractors vary greatly, and therefore their operations must be monitored 

closely by the project onsite supervisor. 

Conclusions and Recommendations 

1) Maximize the use of conventional salvage contractors for non- 

contaminated work and provide separation from contaminated work 

areas. 

2) Consider salvage value to offset decommissioning costs. 

3 )  Schedule removal as early as possible to simplify access. 

4) Assess contractor's safety procedures and safety record. 

9.3 DISPOSAL OF CONTAMINATED SODIUM 

During the deactivation process, 5 radioactive sodium 

(4 mR/h at the surface of each 55-gal d of sodium) had been drained i 

the storage tan from the reactor and primary pipin system, This sodium was 

later put into drums for shipment to Hanford, Washi 
other programs. 



Residual sodium coatin the interior of system components, piping, and 
the reactor vessel required special procedures for disposal. Sodium deposits 

and heels in piping, etc., were heated and drained into drums. Then, alcohol 

was added to react with the residual sodium films in piping, components, and 
the reactor vessel s stern. The alcohol was added slow1 into the particular 

configuration, with control of the rate of flow based on the quantity of 

hydrogen generated e reaction. Explosive mixtures were prevented by 

diluting the hyd ogen with nitrogen. About 8,000 gal of alcohol were used, 

The resulting contaminated S i uid was pumped into 55-gal drums containing dia- 

tomaceous earth, which absorbed the liquid and made it acceptable for burial. 

The drums were shipped to the licensed commercial burial site at Beatty, 
Nevada. (Current regulations do not allow such disposition of liquid biastes.) 

Several sodium chemical passivation options were studied. The alco 

reaction was selected because it is comparatively slow and permits greater 

control. The sodium passivation procedure was carefully planned and conduc- 

ted. Particular care was exercised to exclude air from the reactor vessel. 

Air contact with heated sodium can result in 

Conclusion and Recormendat ion 

Alcohol passivation of sodium film, although an effective and safe 

method, results in problems with alcohol disposition. Other sodium 

assivation methods such as nitrogen/stean reaction should be con- 

sidered, 

9.4 DISPOSAL OF CONTAM1 NATED SRE PER1 PHERAL SYSTEHS AND FACILITIES 

eripheral systems and facilities, Performing this ste 

ntages of deer 

improving the familiarity o f  the crews with decontamination 

ccess for subs 



The peripheral systems and facilities disposed of were: (1) the gaseous 

and liquid waste holdup system on the hillside north of the reactor building, 

(2) the hot waste storage facility on the same hillside, (3) the secondary 

sodium storage handling and purification system, and (4) the drainage reten- 

tion pond. The vault walls of the liquid waste holdup system and the soil 
below the system components were contaminated. A hydraulically operated 

Hy-Ram was used to peel off several inches of concrete from the walls and 

floors. The soil below the tanks and several feet downslope was also removed 

and packaged for buri 

The capability and versatility of the Hy-Ram was developed in the con- 

crete decontaminated operations. An early objective of the SRE decommis- 

sioning project was to minimize the total costs associated with the generation 

of contaminated waste. Whenever possible, selective rather than bulk removal 

techniques were used to minimize the waste to be packaged and sent to burial. 

The Hy-Ram could be equipped with chisel-like tools that could selectively 

peel off layers. It was also used to demolish the bulk noncontaminated con- 

crete in vaults and walls. Consequently, its simplicity, versatility, acces- 

sibility, and cost effectiveness led to its evolution as the workhorse for the 
material removal operations. 

The hot waste storage facility, essentially concrete and steel tank 

structures mounted on a concrete pad, were easily removed. The storage struc- 
tures were above grade, and radiological surveys indicated that the soil had 

not been contaminated. 

The secondary sodium system, consisting of a sodium storage tank, sodium 

facility, pumps, hot and cold traps, piping, and valves, were 
dismantled. Residual sodium in these components was reacted with steam. The 

cleaned components were free of contamination and were sent to salvage as 

scrap. 

A radiological su he water in the drainage retention pond showed 

no contamination, The rea drainage channels, and the 



silt in the pond was surveyed and sampled. Several slightly contaminated 
areas were detected; after these were removed, the area was resurveyed and 

found to be free of contamination. 

Conclusions and Recommendations 

1) Work on slightly contaminated peripheral systems should be used 

to train the work force and establish procedures. 

2) Selective removal of contaminated materials is cost effective 

and should be used, 

3 )  The Hy-Ram should be considered for both selective and bulk 

concrete removal. 

9.5 DISPOSAL OF SUPPORT SYSTEFIS 

The support s stems consisted of the machines for handling the fuel and 

moderator elements; the fuel storage, fuel wash, and examination cells; and 

the inert gas system. The large fuel and moderator handling machines were 
stripped of external appurtenances and then shipped to a burial site. Dis- 

mantling and decontaminating the basic structures would have been too time 
consuming and costly. This approach - intact shipment to burial - was 
used for disposing of all the large system components. 

Fuel storage cells, fuel wash cells, and other cells located in the floor 
of the SRE high bay were excavated. 

Some of the cells were located close to key buildin upport structures 
ed techniques th 

would not damage 

was hired to design 

m the grade-level floor 



To control contamination during dismantling and packaging for shipment, 
the storage and wash cells were filled with a solidifying foam and capped 

before being removed and later cut into manageable lengths. 

The Hy-Ram was used to free the cells from their concrete support struc- 

tures and to demolish the bulk concrete. 

The fuel examination hot cell complex was also located below grade at a 

depth of about 20 ft. To decontaminate this system required removing hot cell 

windows, overboring pipe penetrations, cutting through concrete to free 

piping, removing stainless steel cell lining, and spalling off contaminated 
concrete surf aces. 

The following procedure was used to remove the two storage tubes located 

in the floor of the examination cell (bottom of tubes, about 50 ft below 
grade) : 

1) A flat concrete base was poured from which a rock drill could 
operate. 

2) Approximately 100 deep holes were drilled to weaken the bedrock, 

3 )  The weakened bedrock was excavated using the Hy-Ram and a back- 

hoe. 

4 )  The storage tubes were pulled out. 

5 )  The excavation was backfilled with grout to offset the effects 

of ground water. 

Once set, the grout sealed the excavation and provided a firm base for 

further backfilling. Figure 89 shows the storage tu es imbedded in 

and the extent of the excavation necessary for their removal. The examination 
cells were parti 1ly dismantled, the inner cell liner was removed, and the 

drain lines were excavated. 

The noncontaminated c of the hot cell complex was not 



Figure 89. S t o r a g e  Tubes Imbedded i n  Bed rock  



Conclusions and Recommendations 

1) Remove large components without major disassembly (fuel 

hand1 ing machines, plugs, shields, etc. ) and transport to 

burial sites in one piece wherever possible since this may be 

most cost effective. 

2 )  Use a solidifying foam internally to fix contamination in c o w  

sectioned without spread of con- ponents so that they can be 

ease 

tamination. 

3) Include provisions for 

of contamination when 

bedrock. 

of removal and for avoiding spread 

installing system components into the 

9.6 DISPOSAL OF REACTOR VESSELS 

The disposal of the reactor vessels, because of the significant induced 

radioactivity present in the metal, required development and use of remotely 

operated equipment and tooling. A manipulator with a plasma-arc torch-cutting 

head was used to remotely cut the vessels under water into manageable sec- 

tions. These sections were remotely transferred to a water storage basin and 

then placed in cask liners for later disposal. Reactor vessel internals (such 

as downcomers and core clamps) were removed using shaped-charge explosives. 

Although explosives were used in removing the internals and proved to be very 

effective, it was shown later than the plasma-arc cutting technique could have 

been used also. 

After the highly activated inner reactor vessels were removed, the 

thermal shield rings were lifted out. Since these were only slightly radio- 

active, they could be cut up for disposal safely with automated, remote, and 
-acetylene cuttin actor room floor. 

Removing asbestos insulation from b essels was a hands-on 

tion. After rem 

active waste. 



parameter development that 

sma torch greatly facilitated 

r vessel was constructed 

the project to pern aining, The operators were 

on the SRE. The vessel segmentation 

ions from the vessel, renotel 

the sections into 

success of th entation project was highly dependent on 

TV camera att 
was ~iaintained. 

riate radiation shielding was provided. With pro- 

per maintenance, the unit produced good results. 

Ground water w system vaults when the 

opened. A piping vault was also used for underwater segment storage. It was 

constructed of concrete with a few pipe penetrations, In preparing f 
work, the vault was sealed water tight. The surfaces were cleaned, and the 

enetrations were sealed, and the entire surf 

was coated with an epoxy material, Despite the preparation, a water leak 

developed. It may have resulted from shocks caused b the explosive cutting 
operation. As soon as the loss of shieldin water was noted, a steel tank was 

fit inside this v ult and contaminated material and water were 

o the tank. Water containing fission and activation products 

rth and east quadrant of t 
building. 



close radiological survei 1 lance) as noncontaminated material and saved for 

later use as backfill material. The inside contaminated concrete was reduced 

to rubble and packaged for waste disposal. 

Conclusions and Recommendations 

Careful planning, engineering, tooling development, mockup 

trial runs, and training are recommended for the successful 

completion of the task and to simplify the rrork. 

Plasma-torch segmentation is recommended as a successful tech- 

nique for remotely cutting highly contaminated reactor vessels. 

Explosive cutting is feasible for remote underwater pipe cut- 

ting, but plasma-torch techniques should be considered. 

The use of existing plant structures for critical operations 

such as storing of contaminated bdater should be avoided. New 

watertight structures should be engineered, fabricated, and 

installed for decommissioning processes. 

Water clarity for viewing capability is essential for under- 
water operations. Therefore, an adequate filtration system is 

necessary. 

Were access permits, the Hy-Ram should be used for selective 

removal of layers of the biological shield. 

9 -7 EXCAVATIONS 

The SRE high bay was excavated to an average depth of 26 ft. The exten- 
sive excavation was necessary to remove the below-grade reactor structure, 

primary piping system vaults, fuel storage and cleaning cells, and the hot 

storage tubes. 

In addition, an equivalent volume of soil and rock was removed from out- 

orth and east sides of the buildin tion was necessary 

to remove the 

vation was required to remove cont 

t of the building. T 



eams and column footin racing and shoring were installed to 

ted soil was being removed. 

nt of the soil contanination below the 

It was first opened, con- 

r seeped in thro 

the walls and f ater source or cane in through the 

ource was the leak from the pipe vault 

pool used to st ron the reactor vessels. 

d using nianually operated 

Since the SRE structur 

rock, some of the con- 

tamination in the soil ext e bedrock. This necessi- 

ations. After contamina- 

ted material from the belo e area was sur- 

nd to meet acceptan excavation was 

led. Clean mate was returned. Additional 

backfill material w hased from a nearby land development operation. 

A consulting A&E firm was ribe and design bracing for 



9.8 DECONTAMINATION OF STRUCTURES 

Surface decontamination activities preceded most of the dismantling and 

operations. This decontamination was performed to reduc 

exposures to personnel and to enable the bulk of structures or equipment to be 

disposed of as noncontaminated. In other cases, decontamination of the exte 

ior of large items (such as the fuel handling machines) facilitated 

and handling for disposition. 

In a program to develop decontamination techniques, we used available 

literature, experiences of ourselves and others, and demonstration to produce 

an optimum set of techniques. Generally, we found that vacuuming, followed b 

applications of a foam containing decontaminating agents, was the best way to 

clean painted and metal surfaces and to initially clean various other sur- 

faces. The approaches used in decontamin ting concrete surfaces are described 

in Section IV. A scabbler device that spalls the concrete surface and is 
equipped with local vacuum and air cleaning proved quite effective. 

On walls, ceilings, and the two high-bay cranes in the main building, 

contamination was fixed in the paint. The areas were decontaminated in two 
steps, First, paint, particularly from horizontal surfaces, was removed by 

sandblasting. Then, the few remaining spots were decontaminated 

or surface removal. Before sandblasting, a71 extraneous equipment, piping, 

and ducts were removed. No attempt was made to provide local aerosol control; 

instead, the entire high-bay area was sealed to contain contaminated dust an 

sand. All personnel in the area wo e protective clothin and respirator 

tection. 

Conclusions and Recommendations 

1) Pay careful attention to de on techniques to optiniz 



2) Consider a foam d pproach for removal of loose 

mination on walls. It minimized the generation of con- 

as of concrete ffoo 

s an effective method for decontaminating 
paint. (A commer- 

s used; however, since their usual objective 

painting, and they neglect non- 

ctor's work required constant super- 

vision. ) 

9.9 WASTE HANDLING 

the SRE site were radiologic 
materials were sent to the salva rd or removed b 

Contaminated materia in accordance with approved procedures 

and shipped on speci and disposal. At first, these materials 

were shipped to a commercial site in Beatty, Nevada. Later in the program, 

wastes were shipped to a DOE site at Hanford, Washington. Contaninated 

water was processed in an evaporator at the Radioactive Materials Decontamina- 

ta Susana. Sludges were solidified by mixing with con- 
ed to burial. 

Tri-Wall Chemical Kin 



3 A total of 5050 yd of contaminated solid waste was sh 

Conclusions and Recommendations 

1) Uncertainty of commercial disposal site requ 

pped for burial. 

rements and of 

state and federal waste transportation requirements greatly 

affect the cost, schedule, and technology of the waste disposi- 

tion and should be carefully considered in early planning 

activities. 

2) Radioactive waste generation must be carefully controlled and 

contained. Labor-intensive decontamination of components and 

materials is costly and leads to increased volumes of waste 

being sent to burial. However, the cost for burial is escala- 

ting, which changes the economics of decontamination prac- 

tices. Trade studies are recommended. 

9.10 RADIOLOGICAL SAFETY AND SURVEY CERTIFICATIONS 

The SRE decommissioning operations were monitored and controlled by the 

Rockwell International Health and Safety Department. Decontamination and sur- 

veying were repeated until the radiological cleanliness criteria had been 

met. Radiological surveying and analysis were performed according to DOE, 

NRC, and California guidelines. 

A quality assurance (QA) program, independent of Health Physics and the 

performing engineering department, supported the decommissioning program. In 

addition to being responsible for current calibration of instrumentation and 

inspections of waste shipments, QA established procedures for the statistical 

sampling and analysis of all decontaminated areas. 

The Argonne National Laboratory's radiological survey team, assigned to 

the project by DOE, conducted surveys at various stages of the decommissioning 

and will provide overview and certification of the decontamination of the 
facility and site. 



The commitment to ALARA principles was incorporated into the overall SRE 
operational safety plan and into the detailed working procedures. As a 

result, the total man-rem exposure for this project was controlled to approxi- 

mately 75 man-rem. There were no individual exposures above the guidelines; 

most were considerably iess than 3 redyear. 

The criteria for accepta le residual contamination levels that were 

applied are shown in Table 1. These values are slightly more conservative 

than those of Regulatory Guide 1.86 for surface measurements. In the absence 

of consensus or regulatory criteria for contamination, such as activation pro- 

ducts distributed in materials, the project-specific values shown in Table 1 
were developed. An environmental report was prepared that examined the possi- 

ble effects of the residual levels and found them to be acceptable. 

In the area of industrial safety, it is notable that no lost-time injur- 

ies occurred during the SRE decommissioning effort. 

Conclusions and Recommendations 

The radiological criteria for decontamination and for contamin- 

ation and exposure control must be developed and formalized at 

the project planning stage. 

Close operational surveillance by health physics personnel is 

essential to control contamination and exposure, to optimize 

decontamination work, and to assist in controlling the volume 

of contaminated waste. 

Radiological control and certification planning is essential. 

Quality assurance input is necessary in radiological status 
evaluation. 

The participation of an overvieb~ and certification agency 

should be established ea and the participation shou 

integrated into the proj 

missioning activities. 
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9.11 FACILITY DESIGN 

Decommissioning of any nuclear facility can be accomplished with existing 

technology. This has been demonstrated in the successful decommissioning of 

the SRE. It is apparent, however, in examining the technology and procedures 

employed in the decommissioning, that an in-depth review of the experience 

gained should be made by facility designers of future nuclear facilities so 

that problems can be avoided or at least mitigated. The designers can also 

incorporate facility features that will simplify the decommissioning procedure. 

The more significant possibilities are considered and presented below. 

9.11.1 Decontamination of Concrete Surfaces 

Decontamination of concrete surf aces, particularly surf aces with cracks, 

expansion joints, and porous concrete, is difficult. Clany techniques were 
tried, ranging from washing with solvents to total removal of the surfaces. 

None was wholly satisfactory. They all required an extensive use of man- 

power. Physical removal of the surfaces was usually accomplished with a con- 

crete spalling tool (scabbler) that could remove surfaces to about 1/2 in. 

depth. Grit blasting was used chiefly for paint removal. Surfaces where per- 

meation of the contamination was very deep (several inches) were removed by a 

hydraulically powered and positioned ram (Hy-Ram). 

The difficulty of decontaminating concrete surfaces in areas where con- 

tamination is likely to occur, such as in vaults, trenches, pits, building 

columns, and walls, indicates a need for protection of surfaces. Metal liners 

with welded joints, continuous plastic material covers, paint, or hard, smooth 

coatings should be used to cover the concrete. In addition to pe 

the covering material selected should be sufficiently strong to withstand the 

potential for dama e from maintenance traffic in the area. Metal liners, if 

used, should provide for ease of removal. Weld d joints should be constructed 

to allow mechanical cutting and effect containment of cuttin debris, The use 

of concrete ex ansion joints should be avoided unless an effectiv 



sealer or cover can be specified for protection over the joints. Surface 

geometries should be optimized for cleaning. Rounded corners and edges should 

be used where possible. 

9.11.2 Disposal of Massive Concrete Structures 

Handling or demolishing of massive contaminated or activated concrete 

biological shields and support structures can be difficult and costly. These 

structures are usually only partially radioactive, and the radioactive mate- 

rials are not easily separated from the nonradioactive materials because of 

the selective demolition required, the care necessary to keep from cross- 

contam.inating, and the tedious radiological assessment procedures required. 

At the SRE, the other biological shield was demolished using the Hy-Ram. The 

upper portion of the shield was not significantly contaminated by tnduced 

radioactivity. However, the section near the reactor core line was activated, 

requiring packaging and shipment of the rubble to burial. Separation of the 

clean concrete from the activated concrete was not attempted for the concrete 

from the center section. Although this increased the volume of waste sent to 

burial, the cost for burial was less than the estimated separation costs. 

The use of massive monolithic concrete designs in biological shields or 

other areas where concrete activation will occur should be reconsidered. 

Other shielding materials, for example, lead, steel shot, or iron pellets, in 
conjunction with hydrogenous shield naterial, might be used. Interlocking, 
modular concrete structures could be used. Where integrated concrete struc- 

tures are necessary for containment or strength, means for easily removing or 

spalling the concrete surfaces should be included in the design. A two-layer 
biological shield structure could be used. The structure could consist of a 

physically independent outer layer for containnent and an inner layer con- 

structed to provide the major shieldin requirements and contain all the 

induced activation expected during the reactor lifetime. 



9.1 1.3 Disposal of Reactor Vessels 

The disposal of the reactor vessel w i l l  be a major activity of decommis- 

sioning. If a plasma-torch manipulator is to be used to cut up the vessel, 

then design considerations of the following would simplify the torch opera- 

tions. 

1) Locate piping, grid plates, and other reactor internal struc- 

ture with optimum access for cutting with the torch. 

2) Provide for the installation of the manipulator; include manip- 

ulator support structure where possible. 

3 )  Select material for vessels, pipe, and support structure with a 

concern for induced radiation effects. 

9.17.4 Disposal of Waste Ho7dup Tanks 

Excavation and removal of waste holdup tanks was relatively easy. 

However, leaky valves, tank fittings, and piping contaminated adjacent soil. 

Consideration should be given to containing the radioactive waste tanks 

in isolated vaults with provisions for detecting and containing leaks. Tracks 

or guide structures should be considered for use on the tank outer walls to 

permit remote cutting and radiological surveys of the tanks. 

9.17.5 Removal of Process Equipment 

Pr~cess equipment such as heat exchangers, pumps, sodium purification 

traps, waste handling, and their support structures were removed without major 
difficulty. 

Contamination in this equipment tends to collect in low spots an 

n and installation of this equipment should enhance the 

to concentrate the contamination. Dismantling of process equipment would be 

simplified if the 1 rger system components were designed for ease of disassem- 

9y and for isolation of sections that are likely to be contamin ted. Process 
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system equipment installations should include adequate access for removal 

operations. 

The 50- to 60-ton fuel moderator and plug-handling machines were stripped 

of clean, reusa le exterior equipment and then shipped, intact, to the burial 

site. The cost for labor to dismantle the machines and decontaminate compo- 

nts was too great and was, therefore, not attempted. 

Handling machine designs, which would permit easy disassembly and isola- 

tion of contaminated sections, would permit a greater salvage of material and 

a decrease in the waste volume for burial. Handling machines are usually at 

the center of most reactor oper tions and, consequently, are vulnerable to 

airborne contamination. An airtight shroud constructed of easy-to-wipe mate- 

rials, covering the exterior wiring controls and instrumentation, would sim- 

plify decontamination of the exterior. 

9.11.7 Decontamination of Facility Structures 

Decontamination, rather than removal, of facility structures such as open 

beams and columns, electrical cable trays, conduits, exhaust ducts, etc., may 

be desirable to save the facility for future use. However, decontamination 

costs, in some instances, can exceed replacement costs. 

Facility designs should recognize that radioactive spills will occur and 
t plant interiors, and especially horizontal surfaces, will become contami- 

nated, Easily cleaned containment should be provided, and the routing of ser- 

ices through areas where spi?ls may occur should be avoided. 

1.8 Contamin tion Assessment 

The radiological assessrnent of soil and concrete rub 

essentially bac -consuming process. 



many cubic yards of soil with marginal contamination may be packaged and 
shipped to burial. 

A well-kept record of radioactive spills and other plant construction and 
operating history is necessary. Radiological instrumentation-access spaces 

throughout the plant in concrete structure, shielding material, and soil would 

facilitate the plant contamination assessment. 

General Recommendations 

Perform comprehensive radiological surveys, engineering studies, and 

extensive planning prior to initiating the decommissioning work on site. The 

accuracy of the schedule and cost estimates are absolutely dependent on com- 
plete understanding and definition of the full scope of work. This scope can 

only be adequately defined after the completion of these activities. 

The processes described can be anticipated before the deconlmissioning of 

many nuclear facilities. Solutions to problems may be made more difficult by 

the increasingly restrictive regulatory requirements, such as the contemplated 

decrease in the permissible radiation dosage for workers; the more restrictive 

requirements for packaging, transport, and burial o f  waste; and the growing 

emphasis on greater usage of waste volume reduction techniques. 

Considerations for simplifying decommissioning not directly related to 

SRE experiences are presented as follows: 

7) A decommissioning plan should be prepared concurrently with the 
conceptual design o f  the facilit 

parallel with the development of the facility de 

2) The design of maintenance equipmen 

ilities for u 

tions. Waste v 
shears, compactors, electropolishe 
fication should be 



3 )  Plant air exhaust systems should have the capability to handle 

airborne contamination generated during decommissioning. The 

plant should also have capability for containment of the liquid 

and solid generated during decommissioning. 

4) Adequate space should be provided near the facil ity for decon- 

tamination, dismantling, packaging, storage. Also, adequate 

personnel and equipment access to the potentially contaminated 

eas is required. 

These recommendations assume that decommissioning problems, as experi- 

enced today, will be similar to those 40 years from now when the facilities 

currently being designed will be ready for deconmissioning. The projected 

physical size of plants is much larger now; the reactor designs, particularly 

the reactor internals, are much more complex; regulatory requirements for 

radiation worker radiation dosages are becoming more stringent; onsite burial 

of waste is being considered; and the possibility of a site being satisfac- 

torily decontaniinated to levels for unrestricted use is decreasing. The basic 

requirements for reducing contamination are not expected to change, but more 

of the decontamination work may be transferred to remotely operated machines. 



10.0 LIST OF ABREVIATIONS 

SRE - Sodium Reactor Experiment 
PEP - Power Expansion Program 
IHX - Intermediate Heat Exchanger 
EM - El ectromagnetic 
FHM - Fuel I-land1 ing Flachine 
REIDF - Radioactive Elaterials Disposal Facility 
CERF - Contaminated Equipment Repairs Faci 1 ity 

SFC?PO - Surplus Facilities Management Prograr~i Office 

DOE-RL - U.S. Department of Energy, Richland, Washington Area Office 

DOE-SAN - U.S. Department of Energy, San Francisco, California Area Office 

ESG - Energy Systems Group of Rockwell International Corporation 
PCS - Performance Control System 
PFT - Primary Fill Tank 
MIHX - Main Intermediate Heat Exchanger 

ORNL - Oak Ridge National Laboratory 

JRC - Jet Research Corporation 
DOT - U.S. Department of Transportation 

UBC - Uniform Building Code 
HEPA - High Efficiency Particulate Air 
ALARA - As LON As Reasonably Achievable 

DOE - U.S. Department of Energy 

AEC - Atonic Energy Comnlission 

ESG-DOE- 13403 

2 2 1 





APPENDIX 

SUPPORTING DOCUMENTS 

Document No. 

N704ACR990003 

Title 

SRE Activity Requirement No. 005. Removal of Prinary 
Sodium System Piping and Components 

SRE Activity Requirement No. 009. Passivation of Residual 
Sodium in the Reactor Vessel 

SRE Activity Requirement No. 008. Removal of Sodium Com- 
ponents from Sodium Service Building 153 

SRE Activity Requirement No. 16. Decontamination and Dis- 
mantling of Demountable Maintenance Shield Assembly 

SRE Decontamination and Removal of Storage and Nash 
Cells. SRE Activity Requirement No. 17 

SRE Activity Requirement No. 10. Removal of SRE Reactor 
Vessel Loose Internals 

SRE Activity Requirenent No. 7, Removal of Primary Sodiun 
Components from -the Sodium Service Vault 

SRE Activity Requirement No. 11. Cleaning of Sodiun 
Components 

SRE Activity Requirement Nos. 18 and 19. Decontamination 
and Dismantling of Mark 1 and Mark I1 Fuel Handling 
Machines 

SRE Activity Requirement No. 10A - Removal and Disposal of 
the SRE Ring Shield 

SRE Activity Requirement No. 20. Decontamination of Mod- 
erator Handling Machine 

SRE Activity Requirenent No. 16. Decontamination and Dis- 
of the Hot Cell Facilities 

SRE Activity Requirenent No, 23 - Disposal of Radioactive 
Waste Systems Exterior to Building 143 

Requirement No. 24. Decontamination o f  
Building 163 (CERF) 

SRE Activity Requirement No, 25. Decontamination & Dis- 
mantling of Building 724 and Pad 723 



Document No. 

N7 04AACR990002 

N704ACR990023 

N704ACR990024 

N704ACR990025 

N704ACR990027 

N704DP990001 

DRR-704-990-001 

DWP -704-990-003 

N704DWP990004 

N704DWP990008 

N704DWP990009 

N704DWP990010 

Title 

SRE Activity Requirement No. 14. Decontamination of Pri- 
Fill Tank, Pipe & Sodium Service Vaults 

SRE Activity Requirement No. 21, Removal of Activated and 
Contaminated Concrete Structure from the SRE 

SRE Activity Requirement No. 27. D&D of Building 143 
Retention Pond and Sanit 

Disposal of Building 143 (SRE) Stac and Vent System 
Activity Requirement 

SRE Activity Requirement No. 29. Final Closeout of the 
SRE Facility 

Start-up Safety Review for Plasma Torch S 

Design Review Minutes for the ORNL Rotating Mast Manipula- 
tor Final Design 

Procedure for Transferring Radioactive Sodium from Prirnary 
Drain Tank into Approved Cabinets 

Procedures for Installing SRE Manipulator in SRE Vessel 
Mock-up 

Detailed Working Procedure for Removal of SRE Sodium Sys- 
tem Components 

Passivation of Remaining Sodium in SRE Core Vessel. 
Building 143 Detailed Working Procedure 

Passivation of Remaining Sodium in SRE Primary Sodium Tank 
Detailed Working Procedure 

Decontamination and Dismantling of SRE Demountable Plain- 
tenance Shield Assembly (DMSA) De ailed Working Procedure 

Detailed Working Proc dure for the Removal of SRE Reactor 
Vessel Loose Internals 

or Loading & Shippin SRE Oeclad Fuel 

onents from t 

Removal of So 



Document No. 

N704DWP990016 Cutting and Disposition of Primary Sodiur;l Piping 

SRE Core Liner Removal - Detailed Working Procedure 
Core Clamp Band Removal - Detailed Working Procedure 
Detailed Working Procedure for Explosive Removal of SRE 
Vessel Internal Piping 

Detailed Working Procedure for the Removal of SRE Storage 
and Wash Cells Internals 

Cetailed Work Procedure for the Removal of the SRE 
Gridplate 

Core Tank Removal Detailed Working Procedure 

Detailed Working Procedure for the Passivation of Remain- 
ing Sodium in the SRE Components 

Manipulator and Platform Installation and Alignment 

Core Tank Bellows Removal 

Main & Aux. Core Clamp Removal from the SRE Core Tank 

SRE Core Tank Bottom Drilling 

SRE Gridplate Nut Removal 

Detailed Working Procedure for the Renoval of the SRE Mod- 
erator Coolant Header 

Guide Post Installation and Renoval 

Detailed Work Procedure for Removal, Transfer, and 
Reassembly of SRE Rotating Mast Manipulator and Platforrd 

Detailed Working Procedure to Transfer SRE Internal Piping 
to Storage Pit 

Detailed Working Procedure for the Cut-Up of the SRE 
Internal Piping 

Procedure for Core Tank-To-Line 

Detailed Working Procedure for Removal of S 
Perimeter Nuts 



Title Document No. 

N704D1P990045 Detailed Working Procedure for Outer Tank Bellows Removal 

Detailed Working Procedure for SRE Thermal Rings Removal 
and Cut Up 

Detailed Working Procedure for Removal of Cutting Debris 

Detailed Work Procedure fo the Removal of 
Tank Bottom 

Detailed Working Procedure for Outer Tank Removal 

Detailed Workin Procedure for Out r Tank Bottom Removal 

Detailed Working Procedure for Super X Insulation Removal 

Detailed Working Procedur for Scoring the Core Cavity 
Liner 

Disposal of Radioactive Waste Systems at Building 
Building 143 

Detailed Work Procedure for Operation of the SRE Shielding 
Water Filtration System 

Decontamination and Dismantling of Building 724 Detailed 
Working Procedure 

Removal and Shipment of Two Fuel and One Moderator Handl- 
ing Machines 

Deactivation of Building 143 Retention Pond and Sanitary 
Sewer System 

Decontamination and Dismantling of he Hot Cell Facili 
at SRE 

SRE Site Survey Plan for Releas to Unrestricted Use 

Building 143 De ai led Working Procedur 
the SRE to Remove Below-Grade Contaminated and Activated 
Material and Structures 

Final Radiological Inspection D tailed Workin 



Document No. 

TI-704-990-01 1 

Title 

Remote Tooling Task Requirement 1.9. Core Tank Liner 
Removal Tooling 

Remote Tooling Task Requirement No. 1.10. Core Tank 
Removal Tooling 

Remote Tooling Task Requirement No. 7.11. In-Vessel Ther- 
mal Rings Removal Tooling 

Remote Tooling Task Requirement No. 1.12. Outer Tank 
Removal Tooling 

Remote Tooling Task Requirement No. 1.73. In-Vessel Ther- 
mal Insulation Removal Tooling 

Remote Tooling Task Requirement No. 1.14. Core Cavity 
Liner Removal 

Plan of Action for Technical Assistance Provided by ORNL 
in Support of Remote Tooling for Removal of SRE Vessels 

Soil and Concrete Activation Limits for Unrestricted Use 
of Former SRE Site 

Disposal of Primary Sodiuum 

Support Calculations for Rotating Mast Manipulator 

Passivation of Remaining Sodium in SRE Core Vessel 

Contamination Confinement Systems for Decontamination and 
Disposition of the SRE Core Vessel 

Technical Information on Decontamination of Radioactive 
!4aterials by Foam Application 

Radiological Survey Kesults - Release to Unrestricted Use, 
SRE Region I (Building 724 Area) 

ical Survey Results - Release to Unrestricted Use, 
SRE Region I1 (Building 163, Box Shop) 

diological Survey Results - Release to Unres 
SRE Region I11 (SRE Entrance) 

ical Survey Results - Release to Un 
SRE Region IV (West Parking Lot) 

Radiological Survey Results - Release to Unrestricted Us 
SRE Region V (Gas Storage Vault) 



Document No. Title 

N704TI90032 Radiological Survey Results - Release to Unrestricted Use, SRE 
Region VI (Water Tank Area) 

N704TI990033 Radiological Survey Resul s - Release to Unrestricted Use, SRE 
Region VII (Retention Pond) 

N704TI990034 Radiological Survey Results - Release to Unrestricted Use, SRE 
Region VIII (SRE Front Lot) 

N704TI990035 Radiological Survey Results - Release to Unrestricted Use, SRE 
Region IX (SRE Back Lot) 

N704TI990036 Radiological Survey Results - Release to Unrestricted Use, SRE 
Region X (SRE Parking Lot) 

N704T1990037 Radiological Survey Results - Release to Unrestricted Use, SRE 
Building 041 

N704TI990038 Radiological Survey Results - Release to Unrestricted Use, SRE 
Building 143 

N704TI990039 Radiological Survey Results - Release to Unrestricted Use, SRE, 
Building 163 

N704TI990045 Schedule to Complete Excavation of SRE in FY 1979 First Year 
Schedule of 2-Year Plan for Excavation of SRE in FY 7979 

N704TI990047 Disassembly and Examination of SRE Sodium Heated Steam Generator 
h 

E;; 

N704TI990050 References for Decontamination and Dispositioning Criteria 

N704TI990051 Decontamination of Surfaces by Foam Cleaning 

N704TI990057 Final Radiological Inspection o the Below-Grade Areas in the 
SRE Prior to Release for Unrestricted Use 

N704TNP990001 Training Plan for the Decontamination and Di s 
Facilities 

990005 SRE Mocku rations Test Plan 

N704TP990006 Test Plan for the Ex losive Cuttin Demonstration of SRE V 
Internal Piping 

N704TP990007 Plani ulator Checkout and Test Procedure 



Document No. Title 

SRE Radioactive Vent System Removal Detailed Working 
Procedure 

Evaluation of Cutting Methods for Removal of the SRE 
5-1/2 Inch Carbon Stee7 Thermal Rings 

Radiation Levels Associated with Irradiated bletallic Com- 
ponents of the SRE 

Dose Rates Outside the ATCOR AL-33-90 Cask during the 
Shipment of SRE Stainless Steel Components 

SRE Biological Shield Removal Methods Trade Study 

Engineering Report for the Core Drilling and Radiometric 
Analysis of the SRE Reactor Biological Shield 

Facilities Dismantling Plan for SRE 

High Level Radioactive Waste Transfer 

Sodium Disposal Facilities Operating Procedure 

SRE Primary Piping Sodium Disposal 

Quality Assurance Program Plan for the Decontamination & 
Disposition of Facilities 

Decontamination 8 Disposition of Facilities Program 

Release Plan of Action for the Decontamination b Disposi- 
tion of Facilities Program 

Operational Safety Plan for the A1 Decontamination & Dis- 
position of Facilities Program 

Minutes of Isotopes Committee Review of the SRE Dismantl- 
ing Plan 

Minutes of Isotopes Committee Review of Decontamination 
and Disposition Program Detailed Working Procedures for 
STIR and SRE facilities, 

Minutes of Isotopes Committee's R view of Application to 
ssivate Remainin odium in SRE Vess 
tailed Working P edure and an Opera 

Meters in Building 100, 
Santa Susana 



Title Document No. 

N704SRR990009 

TI- 

Minutes of the Isotopes Committee Review of the Detailed 
Working Proce osed Sodium P ssivation in 
the SRE Prima 

utes of Isotope Comnitt 
Procedures (DWP 's) for 

Minutes of Isotope Committee Review of the Detailed Work- 

Minutes of Isotope Committee Review of the Proposed 

unnary and Comparison of ESG an ANL Radionetri 

Post Retirement Plan for R 1 Decontanination o 

ivity Requirement No, T. Remot 

Sodium Dispos 

Remote Tooling Task Requirement No. 1.1. Initial 
In-Vessel Radiation Survey 

Task Requirement No. 1.2. In-Vessel Vi 

Remote Tooling Task Requirement No. 1. 

Remote Tooling Task R 
Manipulato 



Document No. 

N704TP990008 

Tit le  

Radiological Survey P 1  n ,  Support of D&D Program Opera- 
t ions a t  T-143 (SRE) 

Manipulator Console Systems Checkout and Calibration Test 
Report - Development 

SRE Vessel Internal Piping Explosive Cutting Development 

SRE Underwater Plasma Arc Cutting Development Test Report 

Report on Passivation of the SRE Hot Trap 

Report on Passivation of the SRE Reactor Vessel and Asso- 
ciated Components 

SRE Reactor Vessel C u t u p  and Disposal 




